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PROCEEDINGS
ARKANSAS ACADEMYOF SCIENCE
ANNUALMEETING 12-13 APRIL1996
WESTARK COMMUNITYCOLLEGE, FORT SMITH,AR
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John D.Rickett
President Secretary
Robert Wiley
Treasurer
Henry Robison
NAAS Delegate Historian
Secretary's Report
MINUTES OF THE 80TH MEETING
FIRST BUSINESS MEETING
12 APRIL1996
Number present: 20
President Dorris called the meeting to order at 1109 hrs
and recognized the following persons for the stated
announcements and reports:
1. Myron Rigsby for introductory remarks. He offered a
warm welcome and extended thanks to the other
members of the local arrangements committee; called
attention to the program, slide preview room, com-
puter room (for last minute changes), and issued
invitations to the mixer (1700-1800 hrs) and the ban-
quet at 1830 hrs. He also encouraged people to say
thanks to the vendors.
2. John Rickett (Secretary's report): noted distribution
points of copies of 1995 business meeting minutes
and moved approval and acceptance, pending any
corrections (2nd: Rigsby).
3. Henry Robison (Historian's report): this is the 80th
annual meeting; the first time on the Westark
Campus.
4. Robert Wiley (Treasurer's report): noted distribution
points of copies of the financial report and followed
with a brief explanation of income and expenses,
including some of the usual mechanisms of how
funds are invested and withdrawn for payments of
bills. Floor was opened for discussion of the report
but none came. Wiley moved acceptance of the report
(2nd: G. Tucker). President Dorris appointed the
Auditing Committee (Jim Bragg, Chair, Dan England
and MikeMathews) to review the financial statement
and have a report for the second business meeting.
Beginning Balance -1 January 1995
Total Expenses (Page 3)
Balance for the Year
CLOSING BALANCE - 31DECEMBER 1995
Interest Bearing Checking Account (Union Bank and Trust Co.,
Monticello, AR)
Dwight Moore Endowment (Heritage Bank - AFederal
Savings Bank - Monticello - No. 506698.1 - 5.85°/.. Int.)
TOTAL
3. PROCEEDINGS, LIBRARYSUBSCRIPTIONS
4. PROCEEDINGS, MISC. SALES (UAF)
5. PROCEEDINGS, PAGE CHARGES
6. ANNUALMEETING
FUNDS
23,905.89
14,697.39Total Income (Page 2)
20,205.47
-5,508.08
-$5,508.08
$18,397.81
DISTRIBUTIONOF ACCOUNTS
5,542.13
Certificates of Deposit
2,735.78
LifeMembership Endowment (Heritage Bank - AFederal
Savings Bank
-
Monticello - No. 507290.1
-
5.50% Int.)
10,119.90
$18,397.81
Respectfully Submitted
Robert W. Wiley, AASTreasure
FINANCIALSTATEMENT,ARKANSAS ACADEMYOF SCIENCE
INCOME: 1 January 1995 to 31 December 1995
1. INDIVIDUALMEMBERSHIPS
a. Regular 1,530.00
260.00b. Sustaining
c. Sponsoring
d. Life
hO.Ol)
225.00
e. Associate 160.00
2,235.00 2,235.00
2. INSTITUTIONALMEMBERSHIPS 900.00
945.00
4,143.02
5,537.50
151.64
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INTEREST
a. Interest Bearing Checking Account
b. Dvvight Moore Endowment
c. LifeMembership Endowment
d. AAS Endowment
e. AASGeneral 1
8. ENDOWMENT DONATIONS
a. Dwight Moore Endowment
b. AAS Endowment
TOTALINCOME
FINANCIALSTATEMENT,ARKANSAS ACADEMYOF SCIENCE
EXPENSES: 1 January 1995 to 31 December 1995
1. AWARDS
a. Arkansas Science Fair Association (#648) 450.00
b. Arkansas Junior Academy of Science (#649) 250.00
c. Jennifer Burks (#650) 50.00
d. Brian T.Bean (#651) 25.00
e. David Eller (#652) 25.00
f. Delaney Kinchen (#653) 50.00
g. Sue Ellen McCloskey (#654) 25.00
h. Crissy Patterson (#655) 25.00
John Peck, Plaques - Arkansas 227.90
Science Talent Search (#646)
1,127.90 1,127.90
2. PROCEEDINGS
a. Stan Trauth, Editorial Consultation 200.00
and Travel Vol.48 (#644)
b. Creative Multigraphics (Vol.48) (#647) 17,562.46
c. Joy Trauth, Editorial
Consultant Vol. 49 (#658) 500.00
18,262.46 18,262.46
3. OFFICE EXPENSES
a. Secretary's Office,
John Rickett (#657) 620.79
4. ANNUALMEETING
a. Peggy Rae Dorris, Plaque (#660) 37.28
5. NEWSLETTERS
a. AllwinDirect (#643) 94.54
6. DUES
a. National Association of Academies of Science (#645) 62.50
$20,205.47TOTALEXPENSES
5. Stan Trauth (Proceedings Editor's report): announced
that members' copies of Vol. 49 are available and
asked campus representatives to take unclaimed
copies back with them to their respective institutions
and distribute. He pointed out some details that were
different from the last volume and requested $200 for
Editor's travel and $500 for editorial assistance.
6. David Saugey (Nezvsletter Editor's report): requested
news items and suggestions for format changes. He
asked for $1500 to be set aside for support should the
146.83
125.01
187.19
153.59
37.61
650.23 650.23
110.00
25.00
135.00 135.00
$14,697.39
Academy be required to bear the entire cost of pro-
ducing the Newsletter.
7. Mike Mathews (Nominations Committee report):
announced Rose McConnell and Tom Palko have
been nominated for the office of Vice President and
Henry Robison for Historian. Floor was opened for
additional nominations but none came.
8. Jim Edson (Science Education Committee report): no
Jim Edson; no report.
9. Mostafa Hemmati (Resolutions Committee composi-
tion): M.Hemmati, Chair, Joe Stoeckel and Charlie
Gagen.
10. Doug James (Biota Committee report): in process of
scanning old lists onto disk which will then be ready
for editing. He is also requesting new lists. The com-
pilation willprobably be published by UofA Press.
11. Richard Kluender (Development Committee): dis-
played a demo copy of pamphlet and cover letter
and explainted how and to whom he plans to distrib-
ute them—primary group: older AAS members, then
foundations and corporations. He expects to mail out
sometime over the summer and an announcement in
Newsletter will tell how copies may be obtained for
sendout by other individuals. Kluender requested
$250 to cover the cost of printing and distribution.
12. Steven Runge (Arkansas Science Talent Search): not
present; a writtenreport was on hand (Appendix A);
requested $230 for support.
13. Tom Palko (Jr. Science &Humanities Symposium):
not present, no report at this time.
14. Robert Skinner (Jr. Academy of Science): not present;
written report was on hand (Appendix B); asked for
$250 for support.
15. Mike Rapp (State Science Fair Assn.): not present;
written report was on hand (Appendix C); asked for
$450 for support.
16. Richard Kluender (1997 meeting): the 81st annual
meeting willbe at Univ. of Arkansas at Monticello,4
and 5 April; they have some new /renovated facili-
ties, and the city has additional motel accomoda-
tions.
17. David Saugey (1998 meeting): the USFS is inviting
Proceedings Arkansas Academy of Science, Vol. 50, 1996 ?
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the 82nd annual meeting to Hot Springs at the
Ramada Inn. The invitation has been accepted by the
Executive Committee.
18. President Dorris called for any other old business;
none came.
19. Dorris then recognized John Rickett who explained
changes regarding student paper awards in reference
to recently acquired support from the Arkansas
Environmental Federation. He also outlined some
future negotiations with AEF needed to continue
their involvement with the student awards.
20. Dorris: announcements: (a) submit MSS at this meet-
ing; (b) banquet and speaker, Dr. I.L.Brisbin, whose
topic willbe "Razorbacks, Bulldogs and Gamecocks:
A new look at conservation ecology from an SEC
perspective."
21. President Dorris entertained a motion to adjourn at
1149 hrs.
SECOND BUSINESS MEETING
13 APRIL1996
Number present: S3
President Dorris called the meeting to order at 1205 hrs
and recognized the following individuals for reports
and /or business.
1. Secretary: reintroduced minutes from the 1995 annu-
al meeting; no corrections received; minutes accepted
by voice vote.
2. Treasurer: reintroduced his report presented at the
first business meeting and asked for any questions or
corrections. The Auditing Committee was recognized
and reported the Treasurer's report was in good
order; report was approved and accepted.
3. Secretary: reiteration of requests from ancillary orga-
nizations for financial support—
Junior Academy of Science— $250
State Science Fair Assn.~$450
Arkansas Science Talent Search— $230
Proceedings Editor's office— $700
Newsletter production— $1500
TOTAL-$3130
No discussion followed, motion was approved.
4. Nominating Committee (M. Mathews): V-P election:
nominations from committee: Rose McConnell and
Tom Palko; no nominations from floor; Historian's
position: Robison nominated by committee; none
from floor; motion came that nominations cease and
Robison be elected as Historian by acclamation.
Ballots for V-P election were distributed and collect-
ed.
5. Hemmati: Resolutions committee: (Appendix C).
6. Kluender: invitation to UAMfor the 1997 (4, 5 April)
meeting.
7. Saugey: invitation to Hot Springs for the 1998 meet-
ing (to be hosted by US Forest Service).
8. Rickett: to explain negotiations with the Arkansas
Environmental Federation regarding student awards.
(AEF is doubling the cash awards to undergraduate
winners this year, and wish to establish an
"Environmental Science" Award with a sizable sum
for next year and beyond. They willalso annually
deposit $100 with one of the Academy's Endowment
Funds for administering this award system). Rickett
then introduced Mr.Scott Horton to represent AEF
and award undergraduate paper winners with
checks and David Meeks to announce the winners.
9. Rigsby: report on registrations and attendance: 170
registrations; 104 banquet tickets sold. He expressed
appreciation to corporate sponsors and their support.
Rigsby also thanked various individuals who helped
arrange the meeting and Westark Administrators
who approved using the facilities of Westark.
10. Hemmati: for Tom Palko's report on activities of the
Junior Science &Humanities Symposium.
11. President Dorris asked for any other old business,
but none came.
12. Dorris then asked for any new business. None.
13. Dorris then announced:
a. pick up Proceedings copies
b. give manuscripts to Trauth
c. the new Vice President is Rose McConnell
d. Robison has been re-elected as Historian
e. recognized Jim Daly as new President-Elect and
Richard Kluender as new President
f. thanked AEF for their part in student awards;
g. appreciated the first time ARCC has met with
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h. first time we've had a Behavioral Sciences Section
14. President's departing message:
a. thanks to all who helped make this meeting a suc-
cess
b. thanks to all those who helped make her
Presidency a success
15. Dorris then called Kluender to the podium and
handed him the gravel as new President:
a. Kluender presented Dorris with an appreciation
plaque
b. Kluender recognized several firsts at this meeting:
first time at Westark; first time for a forester and
economist to be President; but Dorris was the
fourth woman to be President.
c. this is a critical time regarding forest resources
and economics; we are facing many challenges
16. Kluender then asked for any new business. When
none came, he adjourned the meeting at 1248 hrs.
— Respectfully submitted,
John Rickett, Secretary
APPENDIX A
ARKANSAS ACADEMYOF SCIENCE
Following are the winners of the 45th Annual
Arkansas Science Talent Search 1995-96, held inconjunc-
tion with the 55th Annual Westinghouse Science Talent
Search.
FIRST PLACE
Robert Brian White "Determination of magnetic
4711Belle Drive susceptibilities for paramagnetic
Paragould, AR 72450 compounds and Escherichia coli"
Arkansas School for Mathematics and Sciences
Sponsor: Dr. Irina Lyblinskaya
SECOND PLACE
Joanna Marie Reuter "The effect of three Ozark geological
R.t 5, Box 243 formations on forest composition"
Berryville, AR 72616
Arkansas School for Mathematics and Sciences
Sponsor: Mr. Rodney Harris
THIRD PLACE
Anna Ruth Terry "The fractal geometry of
2714 Yorktown Circle landforms"
Fort Smith, AR 72903
Southside High School, Fort Smith
Sponsor: Ms. Barbara Davis
HONORABLE MENTION
Yasmeen Ahmad Golzar "The effect of IFG-Ion the growth
6 Brookridge Cove of progeric and normal human
LittleRock, AR 72205 diploid fibroblasts"
Central High School, Little Rock
Sponsor: Ms. Jacqueline Dyer
HONORABLE MENTION
Billynda Lucille Booth "Effects of Fe, Mnand Zn 3, 5-
318 Malibu Drive diisopropylsalicylate chelates
LittleRock, AR 72211 on porcine heart diaphorase"
Central High School, Little Rock
Sponsor: Ms. Jacqueline Dyer
Submitted by
Steven Runge
APPENDIX B
ARKANSAS ACADEMYOF SCIENCE
ARKANSAS STATE SCIENCE FAIRS AND
JUNIOR ACADEMYREPORT
Thank you for the support the Academy has provid-
ed for the past 13 years because of the financial support
and members who have served as science fair judges.
This memo serves as a report on the Science Fairs and
Junior Academy of Science Meetings held in Arkansas in
1996:
Regional Science Fairs:
Date # DirectorsLocationRegion
2 Mar 332 Jane MeadowsUAMSCentral
Margie Snider
Marian Douglas
Northcentral Lyon College 29 Mar 134 Robert Bustin
Beverly Meinzer
Kathy Campbell
8, 9 Mar 274 Larry MinkNortheast ASU
David Gillanders
Ron Johnson
15 Mar 232 John HehrNorthwest U of A
Lynne Hehr
15 Mar 179 Vincent CobbSouthcentral OBU
Lisa Cobb
8 Mar 277 Jerry BrothersSoutheast UAM
Deborah Phillips
8 Mar 209 Carson DavisSouthwest SAU
Westcentral ASMS (H.S.) 26 Feb 270 Dana Lambert
As of this date, 261 students (242 projects) have regis-
tered for the state science fair,and 65 students have reg-
istered to present papers at the state Junior Academy of
Science meeting, to be held 12, 13 Aprilat the University
of Central Arkansas. Mike Rapp is director of the state
Proceedings Arkansas Academy of Science, Vol.50, 1996 »
6fair,and Bob and Raynell Skinner are the state co-direc-
tors of the Junior Academy of Science.
Submitted by Mike Rapp
6 April1996
APPENDIX C
1995 MEETING OF THE
ARKANSAS ACADEMYOF SCIENCE
RESOLUTIONS
BE ITRESOLVED, that we, the members of the
Arkansas Academy of Science, offer our sincere thanks to
Westark Community Colege at Fort Smith for hosting the
1996 meeting of the Arkansas Academy of Science. In
particular, we thank the local arrangements committee
for an outstanding job of organizing the meeting: Joel
Stubblefield (President), Michael Hightower (Vice
President for Instruction), Myron Rigsby (Division Chair
and Local Arrangements Chair), Kent Estes (Printing),
Thomas Buchanan (Abstracts, Scheduling), Ragupathy
Kannan (Invited Speaker Arrangements). Appreciation is
expressed for the use of Westark Community College's
excellent facilities and the hospitality shown us by all
Westark Community College personnel. The banquet
was excellent, as was Dr. I.Lehr Brisbin and his dynamic
presentation, "Razorbacks, Bulldogs, and Gamecocks: A
New Look at Conservation Ecology from an SEC
Perspective."
The Academy recognizes the important role played
by the various section chairpersons and expresses appre-
ciation to: Lynda Nelson and John Deaton (Chemistry);
Gary Tucker (Botany); Henry Robison and Daniel
England (Vertebrate Zoology); Edwin S. Braithwaite and
W.J. Braithwaite (Physics, Computers, Astronomy,
Energy, Geology); John Harris, Kent Estes and James
Peck (Aquatic Biology); Wayne L. Gray (Microbiology,
Cellular Biology); and Charles Gagen (Arkansas River
Symposium).
Aspecial thanks is owed the individuals who devot-
ed considerable time and energy to judging student
papers: Kelly Loftin and Joe Sidlowski (Undergraduate
Life Sciences); Bob Watson, Art Johnson, and Thomas
Foti (Graduate Life Sciences); Mostafa Hemmati and
John Deaton (Undergraduate Physical Sciences).
We express gratitude to the various directors of the
science and youth activities which are supported by the
Academy: Jim Edson (Chairperson, Science Education
Committee); Mike Rapp (President, Arkansas State
Science Fair Association); Tom Palko (Driector, Junior
Science and Humanities Symposium); Steve Runge
(Director, Science Talent Search); and Robert and Raynell
Skinner (Co-Directors, Arkansas Junior Academy of
Science).
We wish to thank all those individuals who served as
directors at Science Fairs and Junior Academy Meetings:
Jane Meadows, Margie Snider (Central Region); Roberta
Bustin and Beverly Meinzer (Northcentral Region); Larry
Mink and David Gillanders (Northeast Region); Lynne
and John Hehr (Northwest Region); Vince Cobb
(Southcentral Region); Carson Davis and Joe Giddens
(Southwest Region); Jerry Brothers (South East Region);
Dana Lambert (West Central Region) and Michael Rapp
(State Meeting, UCA,Conway).
The continued success of the Academy is due to its
strong leadership. We offer sincere thanks to our officers
for another excellent year: Peggy Rae Dorris (President),
Richard Kluender (President-Elect), James Daly (Vice
President, John Rickett (Secretary), Robert Wiley
(Treasurer), James Peck (Past President), Stan Trauth
(Proceedings Editor), David Saugey (Newsletter Editor)
and Henry Robison (Historian). In addition, the
Academy expresses appreciation to all those individuals
who have contributed their time and efforts on various
committees of the Academy.
Finally, we congratulate all those who presented
papers and posters at this meeting. Student participants
are especially recognized, since their continued efforts
willbe directly responsible for the future success of the
Academy and the continuation of science education and
research in Arkansas.
Resolutions Committee
Mostafa Hemmati, Chairperson
Joe Stoeckel
Charlie Gagen
APPENDIX D
ARKANSAS ACADEMYOF SCIENCE
PAPER PRESENTATION AWARDS, 8 APRIL 1995
LifeSciences - undergraduate:
First: Patricia M. Anslow,Biology Department, U of
A - Little Rock, "Mapping of thermal heat
islands and tree canopy cover in an urban
environment, LittleRock, AR."
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7Second: Coburn S. Howell, III,Fish & Wildlife Dept.,
Ark. Tech. Univ., "Zebra mussel proliferation
inLake Dardanelle on the Arkansas River"
Third: Amit R. Patel, Biology Department, Hendrix
College, "Preliminary evidence refuting the
current belief that biotin is oxidized in the
same manner as straight chain fatty acids"
Physical Sicence - undergraduate:
First: N.H. Le, U of A Fayetteville, "Residue 5 of
gramicidin LW as a conformational switch"
Second: Amber D.Climer, Physics Department, Uof A
- Little Rock, "An acceptance and efficiency
study for detection of K+ and K- within the
time projection chamber of the solenoidal
tracking instrument, for use at the relativistic
heavy ion collider"
Third: Chris Barber, Arkansas State University,
"Preparation, doping and photo-conductive
properties of vacuum evaporated tin (II)sul-
fide powders"
Honorable mention: Sharon M.Medlock
Scott M.Minor
Wesley A.Tate
Life Science -graduate:
First: Charles V. Ashburn, Uof A Medical Sciences,
"DNAsequence analysis of the simian varicel-
la virus uracil glycosylase gene"
Second: Jennifer Akin, U of A Fayetteville,
"Examination of the cell wall of Micrasterias
radiosa var. radiosa (Conjugatophyceae) by
transmission and scanning electron
microscopy"
Third: CD. Milam, Arkansas State University,
"Reference sediment selection in the lower
Mississippi Delta"
Graduate: Physical Science: (no papers were submitted)
Poster recognition: M.E. Moss
Bradley J. Phillips
Brant Stanley
APPENDIX E
JUNIOR SCIENCE ANDHUMANITIES
SYMPOSIUM REPORT
The 30th Arkansas Junior Science and Humanitie
Symposium was held March 29-31, 1996 at Arkansa
Tech University, Russellville, Arkansas. There were 11
student delegates and 22 teachers in attendance. The
represented many areas of the state. The delegates hac
the opportunity to hear presentations by twoprofession
al scientists, Dr. Deborah Hansen, a research biologist a
NCTR, and Dr. Chris Kellner, Associate Professor o
Biology at ATU.
Events included seminars and tours on Friday anc
Saturday afternoons. Student research papers were pre
sented during the morning session on Saturday. Sixtee
papers were selected for presentation out of 87 submittec
for judging. Four students were awarded full freshma
fee ATU scholarships, and six were awarded trip pack
ages to attend the National JSHS program in San Diego
April 25-28, 1996 as guests of the U.S. Army Office o
Research.
Of the 16 papers presented, Robert Brian White,
senior at the Arkansas School for Math and Sciences, wa
awarded the highest recognition, which included
$4,000 scholarship from the U.S. Army Office of Researc
and Office of Naval Research. He willcompete at th
National JSHS meeting with the top papers from each o
the 47 other regions. The National JSHS meeting willb
held at the University of San Diego and Scripps Institute
Submitted by Tom Palko
12 April1996
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TLASTNAME
Al-Khavri
Bacon
Baker
Baltosser
Barber
Battles
Beadles
Bennett
Bhuvaneswaran
Bragg
Bragg
Braithwaite
Bramlett
Brown
Brown
Brown
Buchanan
Buchanan
Bumside
Bush
Cadv
Cartwright
Chapman
Chowdhurv
Cisar
Clayton
Cloud
Cobb Vincent A.
Betty G.Cochran
Collins
Cooksey
Cordova
Crisp, Jr.
Crump
Culwell
Daniels
Joseph T.
Lynita
Robert M.
Robert M.
Betty
Donald
James T.
David L.
Jerry W.
Patrick
Davies
Davis
Desrochers
Dholakia Vipul
fDorris Peggy RaeDuster Robert H.Douglas MarianDuh.irt
Eichenberger
Benjamin T.
Rudolph J.
Hudson B.
Robert
Eldridge
Engelken
England
Epperson
Don
Claude E.
E. KimFifer
Fijan Nikola
Fitzpatrick Sheldon
Flovd E. P. (Perk)
Thomas L.
Donald W.
Charlie
Foti
Freeman
Gagen
Gentry Joe P.
RoseGergerich
Getz
Gildseth
Gilmore
Goss
Gray
Green
Griggs
Guo
Hanebrink
Harris
P Harvey
Hawk
Henson
Herbert
Hilburn
Hinck
? Hite
Hlass
•>
»
FIRST MI
Jameel M.
Robert
Max L.
William H.
Gwen
Les
John Kenneth
J. Edward
C.
Jimmy D.
Ann T.
Edwin S.
Morris
Ail
William D.
Nick
Roger A.
Thomas
Gaylen
John
Susan
Michael E.
Stanley L.
Aslam H.
Cindy
Frances E.
Gary
Elizabeth M.
Wayne
David F.
Crissy Patterso
Wayne L.
Reid
Gaston
Yanfei
Earl L.
John L.
Michael J.
Roger M.
Stanley
Kristine
Larry R.
Larry
Maxine R.
Lisa J.
MEMBERS 1995
INSTITUTION
Arkansas State University
Westark Community College
Ouachita'Baptist Uni\'ersity
U.S. Forest Service
University of Kansas
Arkansas State University
Cordco Consulting
University ofCentral Arkansas
Ark. Highway &Transp. Dept.
Arkansas State University
Harding University
Natural Heritage Commission
Southern Arkansas University
Arkansas State University
John Brown University
Westark Community College
Black River Technical College
Arkansas State University
U.S. Forest Service
University of Arkansas/Fayetteville
University of Arkansas at Fayetteville
University of Arkansas/Medical Sciences
University of Arkansas at Little Rock
Arkansas Tech University
Arkansas State University — retired
Arkansas State University
University of Arkansas/Medical Sciences
Henderson State University
Garland County Community College
Cedarville College
University ofArkansas at Monticello
University ofArkansas
University of Arkansas at Fayetteville
University of Arkansas at Monticello
Arkansas State University
University of Arkansas at Little Rock
University of Arkansas at LittleRock
Arkansas State University
Arkansas Game &Fish Commission
University of Arkansas at Fayetteville
University of Arkansas at Pine Bluff
University of Arkansas at Fayetteville
University of Arkansas at Fayetteville
University of Arkansas
University of Arkansas at Fayetteville
U.S.D.A., Forest Service
Southern Arkansas University/Tech Br.
University of Arkansas/Medical Sciences
USDA,Forest Service
University ofCentral Arkansas
University of Arkansas at Pine Bluff
Henderson State University
University of Arkansas at Little Rock
University of Arkansas at Pine Bluff
Southern Arkansas University
University of Central Arkansas
University of Arkansas/Medical Sciences
University of Arkansas/Medical Sciences
University of Arkansas at Pine Bluff
University of Arkansas at Pine Bluff
U.S. Public Health Service
USDA-University of Arkansas at Pine Bluff
Arkansas Tech University
Arkansas Science &Technology Authority
University of Arkansas at Fayetteville
University of Central Arkansas
University of Arkansas/Medical Sciences
U.S. Geological Survey
University of Arkansas at Monticello
Arkansas State University —retired
Arkansas Highway &Transportation Dept.
Tennessee Tech University
University of Arkansas at Little Rock
Arkansas Tech University
LAST NAME FIRST MI
Holt Anthony
Hood William G.
Huang Feng Hou
Huffman Jannie
Huggins Julie A.
Huss Martin
Hyatt Philip E.
Igietseme Joseph U.
Ison Celia
Jalaluddin M.D.
Jamieson David
Jeffries Douglas L.
Jenness Jeff
Jimerson David
Johnson Ronald
Johnson James E.
Johnson Michael I.
Johnson Hugh
Johnson George P.
Jolivette Freddie B
Jordon Thurman O.
Justice Jay
Kane Cynthia J.M.
Karlin Alvan A.
Karnes Mark
Kehler Philip L.
Kennedy Bud
Kirkconnell Scott W.
Kleve Maurice G.
Kluender Richard
Knight Frank M.
Knighten Pat
Koeppe Roger E.,Ill
Kopper Randall A.
Krai Timothy
Lanza Janet
Lavers Norman
Lindquist David
Linnstaedter Jerry L.
Lockhart Brian
Lockley Judy
Lortz David
Lynch Thomas J.
Malasri Siripong
Manion Jerry
Marshall John E.
Matthews H. Michael
McAllister Chris T.
McAllister Russell B.
McConnell Rose
McDaniel V. Rick
Meeks David
Mehta Rahul
Meyer Richard
Mink Lawrence A.
Mitchell Richard S.
Mittelstaedt Roberta A.
Mittelstaedt James S.
Montague Warren
Moore Phillip
Moore Jewel
Morgans Leland F.
Moss Linda
Mwasi Lawrence M.
Nagappa H.Y.
Nave Paul M.
Neal Joseph C.
Nelson Thomas
Nicholson William F.
Nordeen Russell
O'Brien Timothy J.
Oosterhuis Derrick M.
Palmer Bryan D.
Parsons Barbara
Paulissen Mark A.
Peck John D.
Pendergrass Paula B.
Pennington Carlos H.
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INSTITUTION
Arkansas State University
University of Arkansas at Little Rock
University of Arkansas at Fayetteville
Arkansas State University
East Arkansas Community College
Arkansas State University
USDA,Forest Service
University ofArkansas/Medical Sciences
University of Nebraska
University of Arkansas at Pine Bluff
Ark. St.Univ.-Beebe/Newport
University of the Ozarks
Arkansas State University
Arkansas State University
Arkansas State University
University of Arkansas at Fayetteville
Nettleton HighSchool
Southern Arkansas University
Arkansas Tech University
Southern Jr. High School
Arkansas Audubon Society
Ark.Dept. Pollution Control & Ecology
Univ.of Arkansas forMedical Sciences
University of Arkansas at Little Rock
The Ross Foundation
University of Arkansas at Little Rock
Arkansas State University
Arkansas Tech University
University of Arkansas at Little Rock
University of Arkansas at Monticello
University of the Ozarks
Arkansas Game &Fish Commission
University of Arkansas at Fayetteville
Hendrix College
University of Arkansas at Fayetteville
University of Arkansas at Little Rock
Arkansas State University
University of Arkansas at Little Rock
Arkansas State University
University of Arkansas at Monticello
Marked Tree Public Schools
University of Arkansas at Monticello
University of Arkansas at Little Rock
Christian Brothers University
University of Central Arkansas
Biotechnical Services, Inc.
Henderson State University
Veterans Affairs Medical Center
Ark.Dept. Pollution Control &Ecology
University of Arkansas at Monticello
Arkansas State University
Westark Community College
University of Central Arkansas
University of Arkansas at Fayetteville
Arkansas State University
Arkansas State University
National Center for Tox. Research
Pines Technical College
U.S. Forest Service
Arkansas Highway &Transportation Dept.
University ofCentral Arkansas
University of Arkansas at Little Rock
University of Arkansas at Pine Bluff
University of Arkansas at Pine Bluff
Arkansas State University
U.S. Forest Service
Arkansas Tech University
University of Arkansas at Monticello
University of Arkansas at Monticello
University of Arkansas/Medical Sciences
University of Arkansas at Fayetteville
Henderson State University
University of Arkansas at Little Rock
McNeese State University
University of Central Arkansas
Arkansas Tech University
USAE Waterways Experiment Station
8
9Secretary's Report
LAST NAME
Penor
Peterson
Pigg
Plummer
Posey
Posey
Price
Rasmussen
Reach
Reeve
Richards
Richardson
Rosen
Runge
Rupe
Russell, Jr.
Sanders
Sciefres
Sealander
Setliff
Shade
Shaikh
Sharp
Shepherd
Siegel
Sifford
Simon
Simpson
Skinner
Smith
Smith
Smith, Jr.
Snow
Snyder
Spiegel
Standage
Steward
Stoeckel
Sundell
Sunderland
Sustich
Swindell
Taylor
TeBeest
Tomer
Trauth
Trautwein
Usrey
Vanderpool
Walker
Walker
Walsh
Wear
Webb
Weidemann
Wennerstrom
Wiebers
Wilhide
Williams
Wilson, Jr.
Wold
Wolf
Woolverton
Wright
Wyatt
Yaich
Yang
Yang
York
Young
Zimmer
Benson
Bollinger
Cleaveland
Cole
FIRST MI
Joseph R.
James C.
Jimmie
Michael V.
William R., II
Alan F.
Mazo
James A.
Darryl K.
Scott W.
Edward L.
Dennis J.
Joe
Steven W.
John
William A.
Terry A.
Charles J.
John A.
Frank L.
Elwood B.
AliU.
J- Craig
William H.
Samuel
Dewey H.
Scott
Kim
Robert
Kimberly G.
Richard D.
RoyJ.
L.Dale
David G.
Frederick W.
Richard W.
T.W.
Joseph N.
Eric
John C.
Andrew T.
Robert T.
William S.
DavidO.
D.S.
Stanley E.
Norman
Zaron D.
Staria
Richard B.
Stephen A.
Gerald
James O.
Jerry
G.J.
Delores
Todd
J.D.
Philip
Edmond W.
Donald C.
Duane C.
University of Arkansas at Little Rock
University of Arkansas at Fayetteville
University ofCentral Arkansas
UniversityofCentral Arkansas
Heather L.
Robert D.
Bill Arkansas State University
Arkansas Game &Fish Commission
Arkansas Tech University
Karen
Chia C. ¦"— -«— /
University ofArkansas at Little Rock
University ofArkansas/Medical Sciences
Fayetteville Public Schools
Dominic T.
J. Lyndal
DavidA.
j
Arkansas Tech UniversitySteven W.
SUSTAININGMEMBERS
Ann Marie University of Arkansas/Medical Sciences
Julia Reed Arkansas State University
Malcolm K. University ofArkansas at Fayetteville
David Harding University
INSTITUTION
University of Arkansas at Little Rock
U.S. Geological Survey
Oklahoma Dept. ofEnvironmental Quality
Harding University
Arkansas State University
University of Arkansas at Pine Bluff
University of Arkansas at Pine Bluff
Southern Arkansas University
University of Arkansas at Little Rock
Arkansas State University
Arkansas State University
Quinnipiac College
University of Central Arkansas
University of Central Arkansas
University of Arkansas at Fayetteville
University of Arkansas/Medical Sciences
Taylor HighSchool
University ofArkansas at Fayetteville
University ofArkansas at Fayetteville
University of Arkansas at Little Rock
University of Arkansas at Monticello
University of Arkansas at Little Rock
Univ.ofCentral Arkansas
Arkansas Natural Heritage Comm.
University ofArkansas at Fayetteville
Arkansas State University
Arkansas Natural Heritage Commission
Arkansas Children's Hospital
University of Arkansas/Medical Services
University of Arkansas at Fayetteville
Arkansas State University
U.S. D. A./Univ.ofArkansas
Louisiana Tech University
University of Arkansas at Monticello
University of Arkansas at Fayetteville
U.S. Forest Service
Union University
Arkansas Tech University
University of Arkansas at Monticello
Arkansas Game & Fish Commission
Arkansas State University
University of Arkansas at Little Rock
University ofCentral Arkansas
University of Arkansas at Fayetteville
University ofCentral Arkansas
Arkansas State University
Arkansas State University
U.S. Geological Survey
Arkansas State University
University of Arkansas at Pine Bluff
Eastern Kentucky University
V.A.Medical Center
University ofArkansas at Monticello
University of Arkansas at Fayetteville
Pulaski Academy
Henderson State University
Arkansas State University
Arkansas State University
Harding University
LAST NAME
Dale, Jr.
Darsey
Erf
Farris
Glover
Griffin
Johnston
Marsh
McMnsters
Nisbet
Orr
Price
Sharrah
Tendeku
Timmerman
Timmerman
Watson
Willingham
Bates
Bean
Braithwaite
England-Whaley
Hardin
Rowe
Anderson
Bacon
Chittenden
Cotton
Dalske
Davis
Dilday
Draganjac
Edson
England
Evans
Fribourgh
Fry
Geren
Giese
Godwin
Guenter
Harp
Harp
Heidt
Helms
Hemmati
Jacobs
James
Johnson
Mattison
McDaniel
Moore
Northrop
Palko
Peck
Rapp
Rickett
Robison
Saugey
Sewell
Speairs
Speairs
Templeton
Tucker
Tumlison
Wickliff
Wiley
Akin
Anslow
FIRST MI INSTITUTION
Edward E. University of Arkansas at Fayetteville
Jerry A. University of Arkansas at LittleRock
Gisela University of Arkansas at Fayetteville
Arkansas State UniversityJerry L.
Mattie University of Arkansas at Pine Bluff
Edmond E. University ofCentral Arkansas
Perry Max University ofArkansas at Fayetteville
Daniel L. Henderson State Universityrs tate
Dennis W. Henderson State University
Alex R. Ouachita Baptist Universityit aptist niversity
University of Arkansas at Pine BluffClifton
Ark. Dept. Pollution Control & EcologyAlan D.
University of Arkansas at FayettevillePaul C.
Universityof Arkansas at Pine BluffFelix K.
Lorraine Van-Cove HighSchool
Rich Mountain Community CollegeRudy
Robert L. University of Arkansas at Little Rock
William M. University of Arkansas at Pine Bluff
SPONSORING MEMBERS
Vernon Ouachita Mtns. Biological Station
Judith A. Harmony Grove High School
Wilfred J. University ofArkansas at Little Rock
Lawana Arkansas State Universitytate i it
Hendrix CollegeJoyce M.
Marsha Stamps High School
LIFEMEMBERS
Robbin C. University ofArkansas at Fayetteville
Edmond J. University ofArkansas at Monticello
David Arkansas State University
Geographies Silk Screening Co.Calvin
Fred University of Central Arkansas
Leo Carson Southern Arkansas University
Robert H. University of Arkansas at Fayetteville
Mark Arkansas State University
Jim University of Arkansas at Monticello
Daniel R. Southern Arkansas University
William L. University ofArkansas at Fayetteville
James H. University ofArkansas at Little Rock
Arthur University ofArkansas at Fayetteville
Collis R. University ofArkansas at Fayetteville
John Ark.Dept. of Pollution Control &Ecol.
Walter E. University of Arkansas at Monticello
Joe M. University of Arkansas at Monticello
George L. Arkansas State University
Phoebe A. Arkansas State University
Gary A. University of Arkansas at Little Rock
Ronnie University of Arkansas at Fayetteville
Mostafa Arkansas Tech University
Carol A.
Douglas University of Arkansas at Fayetteville
Arthur A. Hendrix College
Donald R. University ofPittsburgh
Roland E. FTN Associates, Ltd.
Clementine
Gaylord M. University of Arkansas at Little Rock
Tom Arkansas Tech University
James H. University of Arkansas at LittleRock
Michael W. University of Central Arkansas
John D. University of Arkansas at LittleRock
Henry W. Southern Arkansas University
David A. U.S. Forest Service
Stephen A. University ofMississippi
Betty M. Ouachita Mtns. Biological Station
Richard K. Ouachita Mtns. Biological Station
George E. University of Arkansas at Fayetteville
Gary FTN Associates
Renn Henderson State University
James L. University of Arkansas at Fayetteville
Robert W. University of Arkansas at Monticello
STUDENT MEMBERS
University of Arkansas at Fayetteville
U.S. Corps of Engineers
Jennifer
Patricia
r s s ittl c
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LAST NAME FIRSTMI INSTITUTION
Charles University of Arkansas at Little Rockis Ashburn
Baber
Bangs
Connie Henderson State University
Gene Lee University ofArkansas at Little Rock
Stacy Lee Arkansas State University
Mohanjeet Singh University of Arkansas at Fayetteville
James R. Henderson State University
¦BeardenBrar¦ Bray, Jr.BrigglerBuck i itJeff Univ. of Arkansas at FayettevilleGregory Univ. of Arkansas at Fayetteville
Bullock Daniel Arkansas Tech University
+: Caster Paul Univ.of Arkansas at Little Rock
Clark Murray R. University of Arkansas at Little Rock
Jeffrey E. Univ.of Arkansas at Little RockClayton i . f r s s t ittl c
Amber University of Arkansas at Little Rock« Climer
Daniels
Deaton
Perry A.
John Westark Community College* Dukes Rebecca
Elder
Eller
Ginger Arkansas State University
David Henderson State University* Ezell Thomas University of Arkansas at Little Rock
Fisher
Flores
Rob Henderson State University
Kenda
Leahf> Freeman Arkansas State University
George
Gillum
Steven G. Northeast Louisiana University
Russell University of Arkansas at Little Rock
9 Golden Tim Henderson State University
Hargrave Chad Westark Community College
Harris Kristi Arkansas State University
» House KellyL. Garland Co. Comm. Coll./H.S.U.
Howe Wilson University
.of Arkansas at Little Rock¦ HowertonIsenbergJiles Brad Arkansas State UniversitySeth B. Universitv of Arkansas at FayettevilleDenise Arkansas State University
Jones Kimberly Rhae University of Arkansas at Fayetteville
Imran Arkansas State University» Khan
Mauldin Doug University of Arkansas at LittleRock
McCloskey Sue Ellen University ofArkansas at Little Rock
f Metcalf Chris Northeast Louisiana Universitv
Milam
Moore
Cristin Arkansas State University
Matthew T. Arkansas State University
Donna University of Arkansas at9 Moore f r s s Fayetteville
Moore
Murai
Persons
Pringle
Richards
Cindy Westark Community College
Kaz University of Arkansas atLittle Rock
Cecil C. University of Arkansas atLittle Rock
John University of the Ozarks
Austin B. Arkansas State University
Carlos University of Arkansas atr SanchezScottSmith i ersitv Little RockAmy Henderson State UniversityJerome V. University ofArkansas at Little Rock
Anna Henderson State University« Smith
Smith
rs tate niversity
it Chris S. Universit
Snider D.H. Universit
Stickel Sara Arkansas
Torrez Sophia J. Univ.of /
Townsend Teddy L. Universit
Whitehead Greg A. Henderso
Williams Gregg R. Arkansas
Worley Hilary J. Arkansas
Yang Zibin Universit
4 ?
It P
University of Arkansas at Little Rock
i ersity of Arkansas at Little Rock
r s s State University
i . Arkansas at Fayetteville
i ersity ofCentral Arkansas
rs n State University
State University
r s s State University
i rsitv of Arkansas at Little Rock
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PROGRAM
Arkansas Academy of Science
80th Annual Meeting
April12-13, 1996
Westark Community College, Fort Smith, Arkansas
Friday. April12.1996
8:00 a.m. - 2:00 p.m. Registration
8:30 a.m. - 10:30 a.m. Executive Committee Boardroom,
Meeting
11:00 a.m. - 12:00 p.m. First Business Meeting Math/Science
1:00 p.m.
- 5:00 p.m. Paper Sessions Math/Science
Room 100
1:00 p.m. -6:00 p.m. Exhibits
2:30 p.m. - 3:15 p.m. Refreshments Math/Science Bldg.
1st &2nd Floor
Hallways
Math/Science
Building Atrium
5:00 p.m. - 6:15 p.m. Mixer
Fullerton Union
Cafeteria
6:30 p.m. Banquet
Invited Speaker: Dr. I.Lehr Brisbin, Senior Ecologist, Savannah River Ecology
Laboratory
Razorback, Bulldogs and Gamecocks: A New Look at Conservation from an SEC
Perspective
Saturday. April13.1996
Math/Science
Building Atrium
8:00 a.m. - 10:00 a.m. Registration
Math/Science Bldg.8:00 a.m. - 12:00 p.m. Paper Sessions
Math /Science
Building Atrium
8:30 a.m.
-
12:00 p.m. Exhibits
Math/Science Bldg.
1st &2nd Floor
9:45 a.m. -10:15 a.m. Refreshments
Hallways
12:00 p.m. - 1:00 p.m. Second Business Meeting Math/Schience Bldg.,
and Awards Room 104
SCHEDULE OF EVENTS
Math/Science,
Building Atrium
Fullerton Union
Building, Room 104
Math/Science
Building Atrium
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PAPER SESSIONS
Friday. April12.1996
Math /Science Bldg.
Room 206
1:30 p.m.
-
4:15 p.m. Chemistry
1:00 p.m. - 2:45 p.m. Aquatic &Environmental Math/Science Bldg.
Biology I Room 104
Math/Science Bldg. (
Room 104
3:00 p.m. - 5:00 p.m. Botany
Math/Science Bldg. t
Room 101
1:00 p.m. - 5:00 p.m. Vertebrate Zoology I
Math /Science Bldg.
Room 100
1:00 p.m. - 5:00 p.m. Poster Session
Saturday. April13.1996
8:30 a.m. - 10:00 a.m. Aquatic &Environmental Math/Science Bldg.
Biology II Room 104
<
10:15 a.m. -11:15 a.m. Animal Behavior & Math/Science Bldg.
Psychology Room 104
<
8:30 a.m. - 9:30 a.m. Vertebrate Zoology II Math/Science Bldg.
Room 101
1
9:30 a.m. - 12:00 p.m. Ark. River Symposium- Math/Science Bldg.
Ark. RiverConservation Room 101 4
Committee
<
8:30 a.m. - 11:15 a.m. Physics, Mathematics & Math/Science Bldg.
Room 204Geology
<
8:30 a.m. - 11:45 a.m. Microbiology &Biomedical Math/Science Bldg.
Room 206Sciences
«
Slide Preview Room Math/Science BuildingRoom 208
Computer Room Math/Science Building Room 215
M
I- ?
*
TIME
1:30
1:45
2:00
2:15
2:30
2:45
3:00
3:15
3:30
3:45
Arkansas Academy ofScience
SECTION PROGRAMS
*Undergraduate **Graduate
PAPER SESSION
Friday, April12, 1996
CHEMISTRY
Math/Science Building Room 206
Chairperson: Dr. Lynda Nelson, Westark Community College,
Fort Smith, Arkansas
TOPIC
Henry Rinne, Department of Comparative Arts, Westark
Community College, Fort Smith, Arkansas, 72903. ARTS AND
CHAOS: THE PROCESS OF BECOMING
*Wasim Aleem. Robert Engelken, Imran Khan, Brandon Kemp,
Arif Raza, and Chris Barber, Arkansas State University,
Optoelectronic Materials Research Laboratory, P.O. Box 1740, State
University (Jonesboro) AR 72467; and Tom Jakobs, InvoTek Inc.,
Alma, AR. CHEMICAL PRECIPITATION DEPOSITION, PRO-
CESSING, AND DOPING OF SILBER SULFIDE PHOTOCON-
DUCTIVE CELLS
*ArifRaza. Robert D. Engelken, Brandon Kemp, Imran Khan,
Wasim Aleem, and Chris Barber, Arkansas State University, State
University (Jonesboro), AR 72467. ELECTRODEPOSITION OF
CulnS 2FILMS FROM ORGANIC SOLUTIONS
*Chris Barber. Robert D. Engelken, Bruce Johnson, Wasim Aleem,
Brandon Kemp, ArifRaza, Imran Khan, Joe Parker, Bryan Latham,
and Hollis Jones, Arkansas State University, P.O. Box 1740, State
University (Jonesboro), AR 72467. PREPARATION DOPING,
AND PHOTOCONDUCTIVE PROPERTIES OF VACUUM
EVAPORATED TIN(II)SULFIDEPOWDERS
*N.H. Le1.D.V. Greathouse 1,R.E. Koeppell1,G. Saberwal 2,L.L.
Providence 2,and O.S. Andersen 2 Arkansas, Fayetteville,
AR, 2Cornell Univ.Med. Coll.,N.Y.,NY.RESIDUE 5 OF GRAMI-
CIDINLW AS ACONFORMATIONAL"SWITCH"
Break
*Imran Khan. Robert Engelken, Wasim Aleem, Brandon Kemp,
Arif Raza, and Chris Barber, Arkansas State University,
Optoelectronic Materials Research Laboratory, State University
(Jonesboro), AR 72467. CHEMCIALBATH DEPOSITION OF
CADMIUMSULFIDE FILMSFROM HIGH TEMPERATURE
TRIETHYLENE GLYCOL-BASED ORGANIC BATHS
*Brandon Kemp. Robert Engelken, ArifRaza, Wasim Aleem,
Imran Khan, and Chris Barber, Arkansas State University, State
University, (Jonesboro), AR 72467. IMPROVED METHODS FOR
ELECTRODEPOSITING CADMIUMSULFIDE FILMS
Karen Brasfield. Lawrence D. Fitz, and Richard B. Walker,
Drpartment of Chemisty, University of Arkansas at Pine Bluff,
Pine Bluff, AR 71601. DETERMINATION OF THE BINDING
CONSTANT FOR AN EPHEDRINE PRODRUG WITH BETA-
CYCLODEXTRIN
John R. Reed. Vipul Dhlakia, Karen Brasfield, Timothy A. Carter,
Lawrence D. Fitz, K.Andre Rogers, L.Blayne Love, Danita Ewing,
Ray Bakhtiar, Valentino Stella, and Richard B. Walker, Department
of Chemistry, University of Arkansas at Pine Bluff,Pine Bluff,AR
71601. INTERACTION OF AN OXAZOLIDINEPRODRUG OF
EPHEDRINE WITH BETA-CYCLODEXTRIN
4:00 Elsie Williams^. Hugh Simmons 1,Henry J- Irving2, Mark A.
Wear 2,William M. Willingham', and John R.J. Sorenson 2,
1Research Center, University of Arkansas at Pine Bluff,Pine Bluff,
AR 71601. 2Department of Medicinal Chemistry, College of
Pharmacy, UAMS, Little Rock, AR 72205. 5-DIETHYSUFON-
AMOYLSALICYLATOCOPPER (II),A LOW MASS, SUPEROX-
IDE DISMUTASE MIMETIC,ESSENTIAL METALLOELE-
MENT COMPLEX IS A POTENT RADIOPROTECTANT OF
GAMMAIRRADIATEDMICE
PAPER SESSION
Friday, April12,1996
AQUATIC ANDENVIRONMENTAL BIOLOGYI
Math/Science Building Room 104
Chairperson: Dr.James H. Peck, Department of Biology, University of
Arkansas at LittleRock, LittleRock, Arkansas
TIME TOPIC
1:00 lames Anderson and Renn Tumlison, Department of Biology,
Henderson State University, Arkadelphia, AR 71999-0001.
EFFECTS OF AQUATIC VEGETATION ON SUBSTRATE
DEVELOPMENT AND BIOTA OF THE CADDO RIVER
BELOW DEGRAY LAKE,CLARK COUNTY,ARKANSAS
1:15 Allan G. laster. Department of Geology, University of Arkansas,
Fayetteville, Arkansas, David N. Mott,Buffalo National River,
Harrison, Arkansas and Kenneth F. Steele, Arkansas Water
Resources Center, University of Arkansas, Fayetteville, Arkansas.
STORM EVENT WATER QUALITYOF THREE MIDDLEBUF-
FALO RIVERTRIBUTARIES
1:30 S.W. ChordasIII 1. G.L. Harp2 and G.W. Wolfey3. Environmental
Science Program, The Ohio State University, 1735 Neil Avenue,
Columbus, Ohio 43210. 2Department of Biological Sciences,
Arkansas State University, P.O. Box 599, State University,
Arkansas 72467. 3Reinhardt College, P.O. Box 128, Waleska,
Georgia 30183. THE AQUATIC MACROINVERTEBRATES OF
THE WHITE RIVER NATIONAL WILDLIFE REFUGE,
ARKANSAS
1:45 Julie Crawford John R. Sorenson 2, and James J. Daly^.
1Department of Pharmacology and Taxicology, College of
Medicine, UAMS; 2Department of Biopharmaceutical Sciences,
College of Pharmacy, UAMS, 4301 W. Markham, Little Rock,
Arkansas 72205. THE EFFECT OF COPPER ON THE INVITRO
SURVIVALOF YELLOW GRUB AND BASS TAPEWORM
LARVAE
2:00 *Sharon M. Medlock and Charles J. Gagen, Fisheries and Wildlife
Biology Program, Arkansas Tech University, Russellville,
Arkansas 72801. WATER QUALITY AND STREAMFLOW
MONITORING ON TWO OZARK STREAMS
Proceedings Arkansas Academy of Science, Vol.50, 1996
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2:15 **Kenda S. Flores. Cooperative Research Unit, University of
Arkansas Biological Sciences SCEN 512 Fayetteville, Arkansas
72701. TECHNIQUES FOR RADIOTRACKING AND
BIOTELEMETRY OF COOLWATER SPORT FISHES INNOR-
FORK RESERVOIR, ARKANSAS
2:30 Renn Tumlison and Sharon Clark, Department of Biology,
Henderson State University, Arkadelphia, Arkansas 71999-0001.
MICRO-ORGANISMS ASSOCIATED WITH THE CARAPACE
ANDPLASTRON OF AQUATICTURTLES
2:45 Break
BOTANY
Math/Science Building Room 104
Chairperson: Dr. Gary Tucker, FTN Associates, Ltd., LittleRock, Arkansas
TIME TOPIC
3:00 **Iennifer Akin and Richard L. Meyer, University of Arkansas at
Fayetteville, Department of Biological Sciences, Fayetteville,
Arkansas 72701. EXAMINATIONOF THE CELL WALL OF
MICRASTERIAS RADIOSA VAR. RADIOSA (CONJUGATO-
PHYCEAE) BY TRANSMISSION AND SCANNING ELEC-
TRON MICROSCOPY
3:15 Staria S. Vanderpool, Department of Biological Sciences, Arkansas
State University, State University, Arkansas 72467. DEMOGRA-
PHY AND REPRODUCTIVE BIOLOGY OF THE FEDERALLY
LISTED ERIOGONUM VISHERI (POLYGONACEAE) IN
NORTHDAKOTA
3:30 G.W. Buck. W.E. Elbersen, and C.P. West, Department of
Agronomy, University of Arkansas. ACREMONIUM ENDO-
PHYTE REDUCES WATER LOSS DURING SEVERE
DROUGHT INFESTUCA GRASSES
3:45 James H. Peck, Department of Biology, University of Arkansas at
Little Rock, 2801 S. University Ave., Little Rock, Arkansas 72204.
REPORTED HARVESTS OF AMERICANGINSENG (PANAX
QUINQUEFOLIUM L.) INARKANSAS,1987-1995
4:00 Vernon Bates, Research Botanist, Ouachita Mountains Biological
Station, P.O. Box 1473 or 281 Polk 615 Mena, Arkansas 71953. A
PRELIMINARYINDICATION OF THE IMPACTS OF PRE-
SCRIBED BURNING ON THE OUACHITA NATIONAL FOR-
EST
4:15 Martin J. Huss, Department of Biological Sciences, Arkansas State
University, State University, Arkansas 72467-0599. ANOVEL
TECHNIQUE FOR STAINING NUCLEI OF VEGETATIVE
HYPHAE OF THEPUFFBALL, LYCOPERDON PYRIFORME
4:30 Daniel L. Marsh and Timothy A. Golden, Department of Biology,
Henderson State University, Arkadelphia, Arkansas 71999.
OCCURRENCES OF PLANTAINSUNFLOWER (HELIANTHUS
OCCIDENTALS SUBSP. PLANTAGINEUS) INARKANSAS
4:45 **lennifer Akin and Richard L. Meyer, University of Arkansas at
Fayetteville, Department of Biological Sciences, Fayetteville,
Arkansas 72701. METAPHYTIC DESMIDS (CONJUGATO-
PHYCEAE) ANDVASCULARPLANT ASSOCIATIONS
VERTEBRATE ZOOLOGY I
Math/Science Building Room 101
Chairperson: Dr. Henry W. Robison, Southern Arkansas University,
Magnolia, Arkansas
TIME TOPIC
1:00 Tommie Majors, Daphne Brock, and Gary Heidt,Dept. of Biology,
University of Arkansas at Little Rock, Little Rock, Arkansas 72204.
STATUS OF SELECTED MAMMALSIN ARKANSAS AS
DETERMINED BYAMAILSURVEY
1:15 *Iobi A. Brown and Charles J. Gagen, Department of Biology,
Arkansas Tech University, Russellville, Arkansas 72801. COM-
PUTERIZED ACCESS TO NATURAL HISTORY COLLEC-
TIONS
1:30 Renn Tumlison and Creed Tumlison. Department of Biology,
Henderson State University, Arkadelphia, Arkansas 71999-0001. A
SURVEY OF THE FISHES IN STREAMS DRAININGTHE
JACK MOUNTAIN AREA, HOT SPRING AND GARLAND
COUNTIES, ARKANSAS
1:45 I.D. Wilhide1. Michael E. Cartwright 2and V.R. McDaniel1,
of Biological Sciences, Arkansas State University, State University,
Arkansas 72467 2 Arkansas Game and Fish Comm., P.O. Box 720,
Calico Rock, Arkansas 72519-0720. A TEN YEAR ANALYSISOF
ARKANSAS WHITE-TAILEDDEER: 1984-1993
2:00 David H. lamieson and Stanley E. Trauth. Department of
Biological Sciences, Arkanssa State University-Beebe (Newport
Campus), 7648 Victory Blvd., Newport, Arkansas 72112 and
Department of Biological Sciences, Arkansas State University,
State University, Arkansas 72467-0599. DIETARY DIVERSITY
ANDOVERLAP BETWEEN TWO SUBSPECIES OF SPADE-
FOOT TOADS (SCAPHIOPUS HOLBROOKIIHOLBROOKII
AND S.H. HURTERII) INARKANSAS
2:15 Mark A. Paulissen, Dept. Biological &Environmental Sciences,
McNeese State University, Lake Charles, Louisiana 70609. COM-
PARATIVE PREDATOR ESCAPE BEHAVIOR OF ASEXUAL
AND SEXUAL WHIPTAILLIZARDS (GENUS CNEMIDOPHO-
RUS)
2:30 Break
3:00 lames C. Petersen 1. Faron D. Usrey 1,W.E. Keith2 and James A.
Wise, 1U.S. Geological Survey, 401 Hardin Road Little Rock,
Arkansas 72211. 2Arkansas Department of Pollution Control and
Ecology, P.O. Box 8913 LittleRock, Arkansas 72219. A RECENT
RECORD OF THE WHITE SUCKER, CATOSTOMUS COM-
MERSONI, INTHE WHITE RIVER SYSTEM, ARKANSAS
3:15 Thomas M. Buchanan and Chad Hargrave, Department of Biology,
Westark Community College, Fort Smith, Arkansas 72913, Drew
Wilson and L.G.Claybrook, Arkansas Game &Fish Commission, 2
Natural Resources Drive, Little Rock, Arkansas 72205, and Phillip
W. Penny, Jr., Department of Biological Sciences, Arkansas Tech
University, Russellville, Arkansas 72801. FIRST ARKANSAS
RECORDS FOR BIGSCALE LOGPERCH, PERCINA
MACROLEPIDA STEVENSON (PISCES: PERCIDAE), WITH
COMMENTS ON HABITATPREFERENCE AND DISTINC-
TIVE CHARACTERS
3:30 *Douglas A. Elrod, Gary A.Heidt, Mark B. Ingraham, and Earl G.
Zimmerman Department of Biological Sciences, University of
North Texas, P.O. Box 5218, Denton, Texas 76203 and Department
of Biology, University of Arkansas at Little Rock, 2801 S.
University, Little Rock, Arkansas 72203. DISTRIBUTION OF
BAIRD'S POCKET GOPHER (GEOMYS BREVICEPS) IN
ARKANSAS WITHADDITIONALCOUNTY RECORDS
3:45 Stanley E. Trauth, Department of Biological Sciences, Arkansas
State University, State University, Arkansas 72467-0599. SUBSPE-
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CIFICRECOGNITION INARKANSASRINGNECK SNAKES
rM.Gwen Harris and John D. Rickett, Biology Departmtne,University of Arkansas at LittleRock, LittleRock, Arkansas 72204.ASURVEY OF THE FISHES OF CAMP ROBINSON
*Ioseph R. Penor. Alvan A. Karlin, Gary A. Heidt, University of
Arkansas at Little Rock, BIODIVERSITY OF CAMP J.T. ROBIN-
SON MILITARYINSTALLATIONNORTH LITTLEROCK,
ARKANSAS 1994-1996
fl.D.Wilhide1.V.R. McDaniel 1,Michael J. Harvey 2 and Daniel R.White 1. 'Dept. of Biological Sciences, Arkansas State University,State University, Arkansas 72467. 2Department of Biology,Tennessee Technological Universtiy, Cookeville, Tennessee 38505.TELEMETRIC OBSERVATIONS OF FORAGING ACTIVITYOF OZARK BIG-EARED BATS (CORYNORHINUSTOWNSENDII INGENS)
IGary A. Heidt, Douglas A. Elrod. and V.R. McDaniel, Dept. ofBiology, UALR, Little Rock, Arkansas 72204; Dept. of Biology,Univ. of North Texas, Denton, Texas 76203; Dept. of BiologicalSciences, Arkansas State University, State University, Arkansas72467. BIOGEOGRAPHY OF ARKANSAS MAMMALSWITHNOTES ON SPECIES OF UNKNOWN STATUS
POSTER SESSION
Math/Science Building Room 100
TIME TOPIC
1:00 pm - Michael Knox1, Herbert M. Matthews 1and Mark Clark2,Biology
5:00 pm Department, Henderson State University 1,and Ross Foundation,
2Arkadelphia, Arkansas. INTESTINAL HELMINTHS OF
BEAVERS FROM SOUTHWEST ARKANSAS
1:00 pm - **M.E.Moss1.M.E. Soulsby 1 and J.J. Daly2. Departments of
5:00pm 'Physiology/Biophysics and zMicrobiology/Immunology,
University Arkansas for Medical Sciences, Little Rock. GERMI-
CIDAL EFFECTIVENESS OF THE ONE-STEP AND THE
TWO-STEP SURGICAL SCRUB TECHNIQUES
1:00 pm - *Bradley I.Phillips,Rose McConnell, J. Morris Bramlett, and
5:00 pm Walter Godwin. Division of Mathematics & Sciences, University
of Arkansas at Monticello, Monticello, Arkansas 71656. A MOLE-
CULAR MODELINGAND SYNTHETIC STUDY OF POLYFU-
RAN
1:00 pm - *Brant Stanley. Rose McConnell, J. Morris Bramlett, Walter
5:00 pm Godwin. Division of Mathematics &Sciences, University of
Arkansas at Monticello, Monticello, Arkansas 71656. ApH COM-
PARISON OF DEUTERATED AND NON-DEUTERATED
SOLUTIONS
PAPER SESSIONS
Math/Science Building Room 104
Chairperson: Dr.John L.Harris, Arkansas Highway and Transportation
Department, LittleRock, Arkansas
IWilliam R. Posey II.John L.Harris, and George L. Harp,Department of Biological Sciences, Arkansas State University,State University, Arkansas 72467. NEW DISTRIBUTIONALRECORDS FOR FRESHWATER MUSSELS INTHE OUACHI-TA RIVER,ARKANSAS
f Henry W. Robison and Gene Leeds, Southern ArkansasUniversity, Department of Biological Science, Magnolia, Arkansas
71753 and U.S. Forest Service, Pleasant Hills Ranger District,
Clarksville, Arkansas 72830. DISTRIBUTION, HABITAT, AND
STATUS OF THE ENDEMIC CRAYFISH, CAMBARUS
CAUSEYI (REIMER)
9:00 Kristine A. Herbert, Westark Community College, P.O. Box 3649,
Fort Smith, Arkansas 72913; and Joseph C. Neal, USDA Forest
Service, Waldron, Arkansas 72958. A SURVEY AND COMPARI-
SON OF AQUATIC INSECT COMMUNITIES IN1, 5, AND 10
YEAR-OLD PONDS IN THE OUACHITA NATIONALFOR-
EST, ARKANSAS
9:15 ** M.T. Moore, CD. Milam, J.L. Farris, Ecotoxicology Research
Facility, Arkansas State University, P.O. Box 599 State University,
Arkansas 72467. REFERENCE SEDIMENT SELECTION INTHE
LOWER MISSISSIPPI DELTA
9:30 * Patricia M. Anslow. C. Molly DeBusk, Kevin W. Davis,
Christopher H. Kinslow, J. Kyle Michael, Andrew D. Nelson,
Joseph R. Penor, Alvan A.Karlin, and James H. Peck. Department
of Biology, Environmental Data Analysis Laboratory, University of
Arkansas - Little Rock, Little Rock, Arkansas. MAPPING OF
THERMAL HEAT ISLANDS AND TREE CANOPY COVER IN
ANURBANENVIRONMENT
-
LITTLEROCK, ARKANSAS
9:45 Sophia I.Torrez and R.D. Evans. Department of Biological Science,
University of Arkansas, Fayetteville, Arkansas 72701. DIFFER-
ENCES INWATER-USE PATTERNS BETWEEN JUVENILES
ANDADULTS OF THREE OZARKTREE SPECIES
10:00 Break
ANIMALBEHAVIOR ANDPSYCHOLOGY
Math/Science Building Room 104
Chairperson: Dr. Todd Wiebers, Henderson State University,
Arkadelphia, Arkansas
TIME TOPIC
10:15 * B. Rush Simpson. Joe Lombardi and Joyce M. Hardin,
Department of Biology, Hendrix College, Conway, Arkansas
72032. HAMSTER MATE CHOICE: DO FEMALES AVOID
MATINGWITH PREVIOUSLY NON-VIABLEMALES?
10:30 * Susan E. Bailey and Todd Wiebers, Department of
Psychology/Education, Henderson State University, P.O. Box
7753, Arkadelphia, Arkansas 71999-0001. ATTITUDES ABOUT
DEER MANAGEMENTINARKANSAS: AN INDEPENDENT
STUDY FOR THE ARKANSAS WILDLIFEAGENCIES
10:45 * Robert 1. Fisher and Todd Wiebers Department of Psychology,
Henderson State University, P.O. Box 7753, Arkadelphia, Arkansas
71999-0001. PROJECT X: ENVIRONMENTALENRICHMENT
OF CAPTIVEPRIMATES ATTHE LITTLEROCK ZOO
11:00 * Amy Scott and Todd Wiebers Department of Psychology,
Henderson State University, P.O. box 7753, Arkadelphia,
Arkansas 71999-0001. OBSERVATIONAL LEARNING IN
SABLEFERRETS (MUSTELA PUTORIUS FURO)
VERTEBRATE ZOOLOGY II
Math/Science Building Room 101
Chairperson: Dr. Daniel R. England, Southern Arkansas University,
Magnolia, Arkansas
TIME TOPIC
8:30 David A.Saugey and Daniel R. England. United States Forest
Service, Jessieville, Arkansas 71949 and Department of Biology,
Southern Arkansas University, Magnolia, Arkansas 71753. POST
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NATALGROWTH AND DEVELOPMENT OF CORYNORHI-
NUSRAFINESQUII INSOUTHERN ARKANSAS
10:15 * A. Kevin Nance. Dept. of Earth Sciences, Univ.of Arkansas at
Little Rock, Little Rock, Arkansas; Ian Richards, Dept. of
Geological Sciences, Southern Methodist Univ., Dallas, Texas;
Jeffrey B. Connelly, Dept. of Earth Sciences, Univ. of Arkansas at
LittleRock, Little Rock, Arkansas. OXYGEN ISOTOPIC COMPO-
SITION OF UNUSUAL QUARTZ VEINS: IMPLICATIONSFOR
ORIGIN OF THE MINERALIZINGFLUIDS
8:45 Chris T. McAllister and Stanley E. Trauth, Dept. of Biology, Texas
Wesleyan Univ., Fort Worth, Texas 76105, and Dept. of Biol. Sci.,
Arkansas State Univ., State Univ., Arkansas 72467. FOOD
HABITS OF PAEDOMORPHIC MOLE SALAMANDERS,
AMBYSTOMA TALPOIDEUM (CAUDATA: AMBYSTOMATI-
DAE),FROM ARKANSAS 10:30 *Trevis A.Crane and Donald C. Wold, Department of Physics and
Astronomy, University of Arkansas at Little Rock, 2801 S.
University Ave., LittleRock, Arkansas 72204. SURVEY OF HIGH
ENERGY COSMIC-RAY OBSERVATORIES
9:00 Chris T. McAllister and Stanley E. Trauth, Dept. of Biology, Texas
Wesleyan Univ., Fort Worth, Texas 76105, and Dept. of Biol.
Sciences, Arkansas State Univ., State Univ., Arkansas 72467.
ULTRASTRUCTURE OF CEPEDIETTA VIRGINIENSIS (PRO-
TOZOA: HAPTOPHRYNIDAE), FROM THE GALL BLADDER
OF THE PICKEREL FROG, RANA PALUSTRIS IN ARKANSAS
10:45 *Amber D. Climer. Univ.of Arkansas at Little Rock and Lawrence
Berkeley National Laboratory, Iwona M. Sakrejda, Lawrence
Berkeley National Laboratory, MATH/SCIENCE BUILDING
ROOM 70A-3307, Berkeley, California 94720 and W.J. Braithwaite,
Univ. of Arkansas, Little Rock, Arkansas 72204. AN ACCEP-
TANCE AND EFFICIENCY STUDY FOR DETECTION OF K+
AND K- WITHIN THE TIMEPROJECTION CHAMBER OF
THE SOLENOIDALTRACKING INSTRUMENT, FOR USE AT
THE REALATIVISTICHEAVYION COLLIDER
9:15 Vincent A. Cobb and Jeff Summerhill, Department of Biology,
Ouachita Baptist University, Arkadelphia, Arkansas 71998; (JS) 390
N.E. 98th Street, Miami Shores, Florida. A ONE-YEAR STUDY OF
THE SPECIES DIVERSITY ANDRELATIVEABUNDANCE OF
REPTILES INTHE JACK MOUNTAIN REGION OF HOT
SPRING COUNTY,ARKANSAS
11:00 *Christine A. Byrd and W.J. Braithwaite, Department of Physics
and Astronomy, University of Arkansas at Little Rock, 2801 S.
University Ave., Little Rock, Arkansas 72204. MEASURING
STRANGENESS PRODUCTION FROM RELATIVISTIC COL-
LISIONS BETWEEN PAIRS OF NUCLEI USING A VERTEX
TIMEPROJECTION CHAMBER
PHYSICS, MATHEMATICSANDGEOLOGY
Math/Science Building Room 204
Chairperson: Dr. W.J. Braithwaite, University of Arkansas at LittleRock,
LittleRock, Arkansas <
TIME TOPIC
8:30 Mostafa Hemmati and Steven Young, Physical Science
Department, Arkansas Tech University, Russellville, Arkansas
72801. WAVE PROFILE FOR PROFORCE CURRENT BEARING
WAVES
MICROBIOLOGY ANDBIOMEDICALSCIENCES
Math/Science Building Room 206
Chairperson: Dr. Wayne L.Gray, University ofArkansas forMedical
Sciences, LittleRock, Arkansas !
8:45 * Christopher P. Sheesley. and Rahul Mehta, Department of
Physics and Astronomy, University ofCentral Arkansas, Conway,
Arkansas 72035. THE STUDY OF METEORITES USING X-RAY
FLUORESCENCE
TIME TOPIC |
8:30 **Charles V. Ashburn. Nanette J. Gusick, and Wayne L. Gray.
Dept. of Microbiology and Immunology. University of Arkansas
for Medical Sciences. Little Rock, Arkansas 72205. DNA <
SEQUENCE ANALYSISOF THE SIMIANVARICELLAVIRUS
URACILGLYCOSYLASE GENE9:00 Edwin S. Braithwaite. Science and Mathematics, Cedarville
College, Cedarville, Ohio 45314, and Wilfred J. Braithwaite,
Department of Physics and Astronomy, University of Arkansas
Little Rock, 2801 South University Avenue, Little Rock, Arkansas
72204. ELIMINATIONOF SYSTEMATIC SUMMING ERRORS
FOUND INLINEAR AND NON-LINEAR OPTIMIZATION OF
BINOMIAL&POISSON DISTRIBUTEDDATA
<
8:45 *Sidney Wayne Collins and Rose McConnell, Division of
Mathematics & Sciences, University of Arkansas at Monticello, 4
Monticello, Arkansas 71656. THE POTENTIAL USE OF SMALL
PROTEINASE INHIBITORS IN THE REGULATION OF <
BLOOD PRESSURE
9:00 * Scott M.Minor1.Chad Paschall 2,Russell Nordeen 1,1Division of 4
Math and Sciences, University of Arkansas at Monticello,
Monticello, Arkansas 71655. 2University of Arkansas for Medical
Sciences, Little Rock, Arkansas. PARTIAL CHARACTERIZA- 4
TIONOF BACTERIOPHAGES OFPSEUDOMONAS SYRINGAE
9:15 *Sue Ellen McCloskey, Jeffery E. Clayton and W.J. Braithwaite,
Department of Physics and Astronomy, University of Arkansas,
2801 So. Univ. Ave., Little Rock, Arkansas 72204. ESTIMATING
MILKY-WAYDARK MATTER: ITS AMOUNT AND DISTRIB-
UTION
PV. TOMATO 4
9:30 * Michael LaCour. Trevis A. Crane, and Donald C. Wold,
Department of Physics and Astronomy, University of Arkansas at
LittleRock, LittleRock, Arkansas 72204. SURVEY OF GAMMA-
RAYASTRONOMY TELESCOPES
9:15 Nanette I.Gusick 1. BillR. Griffin2 and Wayne L.Gray1. ]Dept. of
Microbiol. and Immunol. Univ. of Arkansas for Med. Sciences.
LittleRock, Arkansas 72205 and the 2Fish Farming Experimental
Laboratory, Stuttgart, Arkansas 72160. CHANNEL CATFISH 4
VIRUS PATHOGENESIS ANDLATENCY9:45 Break
9:30 lames I.Daly 1. James N. Pasley 2,Dennis A. Berry3,and Allen
Dye 1,departments of Pharmacology and Interdisciplinary
Toxicoloby, 2Physiology and Biophysics, USMA, LittleRock 72205; 4
3Arkansas State Department of Health, Little Rock 72205. GIAR-
DIASISINARKANSAS: ANDUPDATE
10:00 * Danny R. Crawford. G. Douglas Mauldin, Charles W. Ford, Jr.
and W.J. Braithwaite, University of Arkansas at LittleRock, 2801 S.
University Ave., LittleRock, Arkansas 72204. INSTALLATION&
ADMINISTRATIONOF ALINUXNETWORK FOR SCIENTIF-¦ IC COMPUTING NEEDS AT THE UNIVERSITY OFARKANSAS ATLITTLE ROCK
9:45 Break
•
Proceedings Arkansas Academy of Science, Vol.50, 1996 •
15 4
t Arkansas Academy ofScience
f
10:00 * Susan Forberg 1. Candace Haigler 2 and Joyce M. Hardin 1 10:20 Jim Petersen, US Geological Survey, Little Rock, Arkansas
TRENDS INARKANSASRIVER WATER QUALITYDepartment of Biology, Hendrix College, Conway, Arkansas
72032. 2Department of Biology, Texas Tech University, Lubbock,
10:40 Jimmie Pigg, Oklahoma Department of Environmental Quality,
Oklahoma City, Oklahoma 73117-1212. A TWENTY YEAR SUR-
VEY OF THE TEMPORAL AND SPATIAL TRENDS INTHE
FISH COMMUNITIES OF THE ARKANSAS RIVER IN OKLA-
HOMA FROM 1976 TO 1996
Texas 79406. LOCALIZATION OF PLASMA MEMBRANE
INTRINSICPROTEIN
?
10:15 * Michael P. Thames 1, John S. Penn 2 and J. Keith Sutton1,
1Department of Biology, Hendrix College, Conway, Arkansas and?
2Department of Anatomy, University of Arkansas for Medical
Craig Paukert and William Fisher, Oklahoma Cooperative Fish
and Wildlife Research Unit, Oklahoma State University, 404 Life
Sciences West, Stillwater, Oklahoma 74078. DISTRIBUTION,
ABUNDANCE,AND REPRODUCTIVE ACTIVITY OF PAD-
DLEFISH (POLYODON SPATHULA) INTHE KEYSTONE
RESERVOIR SYSTEM, OKLAHOMA
Sciences at LittleRock, Arkansas 72211. GROWTH INHIBITORY 11:00
? EFFECTS OF FLUOROPYRIMIDINES INTHE TREATMENT
OF RETINOPATHYOF PREMATURITY
10:30 * Wesley A,Tate 1. Bruce W. Newton2 and J. Keith Sutton1,
hendrix College, Conway, Arkansas 72032, 2Department of•
Anatomy, University of Arkansas for Medical Sciences, Little
11:20 Bob Limbird, Arkansas Game and Fish Commission. FISH SAM-
PLING INTHE ARKANSAS RIVER BY THE ARKANSAS
GAME ANDFISH COMMISSION
Rock, Arkansas 72205. SEXUAL DIFFERENCES INTHE DISTRI-
BUTION OF ENKEPHALIN-CONTAININGFIBERS SUR-
ROUNDING NEURONS THAT INNERVATE REPRODUC-
?
TIVEORGANS
Jim Wise, Arkansas Department of Pollution Control and Ecology
and Lower Mississippi River Conservation Commission
• 11:40
10:45 Michael A. Preston. Stacey M. Johnson, Mattie M. Glover and
Clifton Orr, Department of Biology, University of Arkansas at Pine? Bluff,Pine Bluff,Arkansas 71601. INCREASED SENSITIVITY OF 12:00 BriefBusiness Meeting
- Arkansas River Conservation Committee
HUMAN BLADDER CANCER CELLS TO CISPLATIN BY•
ANGUIDINE¦ 11:00 *Paul A. Nony 1,Andrew C. Scalle 2, and Joyce M. Hardin 1College, Conway, Arkansas; 2Department of
Neurotoxicology, National Center for Toxicological Research,
? Jefferson, Arkansas. DETERMINING THE NEUROTOXICITY
OF IBOGAINEINTHE RATFOREBRAIN
11:15 *AmitR. Patell, Nell I. Mock2, Gudrun Clausing2, Donald M.
Mock2, and Bruce Haggardl, IDepartment of Biology, Hendrix
? College, Conway, Arkansas; 2Departmi?nt of Gastroenterology,
Arkansas Children's Hospital, Little Rock, Arkansas. PRELIMI-
NARY EVIDENCE REFUTING THE CURRENT BELIEF THAT
1 BIOTIN IS G-OXIDIZED IN THE SAME MANNER AS
STRAIGHT CHAINFATTY ACIDS
?
11:30 loseph U. Igietseme. Ijindah M. Uriri and Roger Rank, University
of Arkansas for Medical Sciences, Little Rock, Arkansas 72205.
\ INHIBITIONOF HUMANSTRAINS OF CHLAMYD1A BY
INDUCIBLE NITRIC OXIDE SYNTHASE PATHWAY IN
EPITHELIAL CELLS?
ARKANSAS RIVER SYMPOSIUM - ARKANSASRIVER
CONSERVATION COMMITTEE?
Math/Science Building Room 101
? 9:30 -9:40 Welcome - Dr. Thomas Buchanan, Westark Community College,
Fort Smith, Arkansas and Dr. Charles J. Gagen, Arkansas Tech
University, Russellville, Arkansas4
Chairperson: Dr. Charles J. Gagen, Arkansas Tech University, -\
Russellville, Arkansas
? TIME TOPIC
9:40 John D. Rickett. Biology Dept., Univ. of Arkansas at Little Rock,
Little Rock, Arkansas 72204. THE ARKANSAS RIVER: AN? AMERICANTREASURE
10:00 *Coburn S. Howell III,Charles J. Gagen, Joseph N. Stoeckell,
Arkansas Tech University, Russellville, Arkansas 72801. ZEBRA
MUSSEL PROLIFERATION INLAKEDARDANELLE ON THE
ARKANSASRIVER
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Examination of the Cell Wall of Micrasterias radiosa Var.
radiosa (Conjugatophyceae) by Transmission and
Scanning Electron Microscopy
Jennifer A.Akinand Richard L.Meyer
Department ofBiological Sciences
University of Arkansas at Fayetteville
Fayetteville, AR 72701
Abstract
The cell wall of Micrasterias radiosa var. radiosa Ralfs 1848 (Conjugatophyceae) was examined by transmission and
scanning electron microscopy. Previous electron microscopy of this taxon has not been performed; thus these are new
observations. The cell wall was recognized to be of the Cosmarium type withcomplex pores external to the plasma mem-
brane that penetrate the secondary wall and with ornamentation arising from the secondary wall.Subdivided regions of
the pore apparatus, the pore head, pore bulb, connecting pore channel, and pore depression were detected. Pores of type
4 were located in the isthmal region and at the division of several quaternary lobes. Previously undescribed ornamenta-
tion ofan asymmetrical swelling on each semicell face was observed. The Cosmarium type cell wall and pores of type 4 are
consistent with other investigations upon Micrasterias taxa. The presence of the asymmetrical swelling on each semicell
face necessitates taxonomic revision ofMicrasterias radiosa var. radiosa.
v
Introduction derm desmid Micrasterias radiosa var. radiosa Ralfs 1848
by transmission and scanning electron microscopy to
determine the structure and type of cell wall as well as
the nature of the pore structure. Previous electron
microscopy of this taxon has not been performed, thus
these observations are new.
Placoderm desmids, members of the class
Conjugatophyceae, comprise a certain group ofconjugat-
ing unicellular green algae which often possess amazing
esthetic geometry and elaborate ornamentation. These
desmids are characterized by having a two part overlap-
ping wall which separates the cell into two semicells. The
wall is perforated by pores and most cells have a deep
constriction, called the isthmus, in the midregion in
which lies a centrally located nucleus.
Materials and Methods
Culture of the organism.
—
The culture was supplied by
Carolina Biological Supply Company. Cells were main-
tained in a 1:40 mixture of Algal Gro: distilled water.
Cells from the original culture were distributed into poly-
styrene centrifuge tubes, maintained at 20° C, and set in a
north facing window to receive a natural light/dark cycle.
Electron microscopical investigations have revealed
that all members of the class Conjugatophyceae possess
cell walls with three distinct layers. These layers are an
outer mucous sheath-like amorphous layer with two inter-
nal fibrilar layers, a primary wall, and a secondary wall
(Mix,1972, 1973). TEMFixation.—The cells were fixed by the standard
Karnovsky's methods (Karnovsky, 1967), post-fixed in 1%
Osmium for one hour, and dehydrated in an ascending
ethanol series, 10% to 100% in 10% increments (adding a
95% and two changes of 100%) at two minute intervals.
After dehydration, the cells were put into Beem™ cap-
sules and processed through two seven minute changes of
propylene oxide. Cells were infiltrated with a 50-50 mix-
ture ofpropylene oxide to Spurr's medium for two hours,
which was then replaced with 100% Spurr's medium.
Blocks were sectioned using an MT2-B Ultra Microtome
and the sections placed on grids. The sections were
stained with 2% uranyl acetate and lead citrate. Sections
were examined under a JEOL JEM-100 CX transmission
electron microscope.
Two cell wall types are recognized for the placoderm
desmids, the Closterium type and the Cosmarium type
(Mix,1966, 1969). The Closterium type wall is described as
having simple pores or pore-like gaps which traverse only
the outer layer. The primary wall is retained in mature
cells and ornamentation is limited to the outer layer. The
Cosmarium, type wallis described as having complex pores
consisting of a pore head, connecting pore channel, and
pore bulb (Neuhaus and Kiermayer, 1981). These com-
plex pores penetrate the secondary wall and are external
to the plasma membrane. The primary wall is shed after
the secondary wallmaterial is fully deposited and orna-
mentation arises from in the secondary layer.
The present study examined the cell wallof the placo-
?
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by Transmission and Scanning Electron Microscopy
Pretreatment before SEM fixation.—Cells were pre-
treated with pectinase for 48 hours to remove mucilagi-
nous secretion from pores and then briefly sonicated.
SEM Fixation.—Cells were collected on Whatman #1
filter paper (technique similar to Marchant's, 1973) and
were fixed by the standard Karnovsky's methods and
post-fixed in 1% Osmium for one hour. Following dehy-
dration in an ascending ethanol series, 10% to 90% in
10% increments inaddition to two changes at 95% at two
minute intervals, the filter paper with collected cells was
placed into a wire mesh carrier basket and put into a
Sorvall critical point dryer. After drying, the filter paper
was mounted with double stick tape on a scanner stub
and sputter-coated with gold. The cells were examined
under an ISI-60 scanning electron microscope.
Results
Micrasterias radiosa var. radiosa appears to possess
pores of the Cosmarium type (PI. I1). The primary wall
was sloughed and therefore not present in the micro-
graphs. The pore, external to the plasma membrane, can
be seen penetrating the secondary wall (PI. 11,2, 4). The
complex pore consists of a pore apparatus, subdivided
into the pore head (PI. I2), pore bulb (PI. I1,4), and con-
necting pore channel (PI. 11,2, 4). In addition, the plas-
ma membrane shows the characteristic pore depression
under the complex pore (PI.I1-5).
In the pore depression, two different types of fib-
rilous materials can be seen (Neuhaus and Kiermayer,
1981). One type observed was the "spider web" fibrilous
type (PI. I1-5). The horizontal fibrils of the web run par-
allel to the plasma membrane, whereas the vertical fibrils
connect the pore bulb to the plasma membrane and cross
the horizontal fibrils.The other type of fibrilousmaterial
which forms balls of fibrils also was observed (PI. 11,4,
5).
The secretion of mucilagen through the complex
pore can be seen in PI. I1-3, 5. The mucilaginous sub-
stance appears to radiate outward from the pores as fib-
rils. The sheath-like amorphous layer also can be seen in
close association with the radiating fibrils(PI. I1-3, 5).
The general outline of an asymmetrical swelling was
visible using light microscopy. This lead to detailed obser-
vations with SEM. Ornamentation of an asymmetrical
swelling with the apex pointing centripically arising from
the secondary wall at the semicell face adaxial to the isth-
mus was detected by SEM upon M. radiosa var. radiosa (PI.
II6). A large amount ofmucilagen can also be seen cover-
ing a large portion ofthe cell.
During processing of SEM, many of the cells broke at
the isthmus (PI. II7). The isthmal lip on this semicell
appears to be rolled back. A pore can be seen located
next to the isthmus as wellas pores at the base of several
quaternary divisions. The pore opening was located at
the same level as the cell surface with no special differen-
tiated cell area surrounding it (PI. II8). Therefore, this
variety of Micrasterias appears to possess pores of type 4
(Neuhaus and Kiermayer, 1981). This large pore was
located in the isthmal region, whereas another smaller
pore of pore type 4 was located at the base of a quater-
nary division (PI. II9).
Discussion
Electron microscopy of Micrasterias radiosa var. radiosa
has previously not been performed. Taxa formerly exam-
ined by TEM include M. americana (Ueda, 1972), M. den-
ticulate (Kiermayer, 1964), M.papillifera (Kies, 1970), and
M. rotata (Drawert and Mix,1961b).
The cell wall ofM. radiosa var. radiosa was determined
to be of the Cosmarium type, based on the presence of
complex pores which were external to the plasma mem-
brane and penetrated the secondary wall (PI. I1-5). In
addition, the primary wallwas not observed in the micro-
graphs. It was shed and dispersed during daughter semi-
cell morphogenesis. Shedding of the primary wall is char-
acteristic of the Cosmarium type cell wall. The absence of
the primary wallindicates that all sections examined were
mature cells.
Within the pore depression, located in the internal
surface to the secondary wall, Neuhaus and Kiermayer
(1981) observed in M. denticulata two different types of
fibrilous materials. Both types, the "spider web" fibrilous
type and fibrilar ball type were detected in the pore
depression of M. radiosa var. radiosa. Thus, the presence
of these two types of fibrilous material in the pore
depression is consistent with another Micrasterias taxon.
Desmids are known for their secretion of copious
amounts of mucilagen through their pores (Mix, 1966,
1969; Kiermayer and Staehelin, 1972). The mucilaginous
substance which radiates outwards from the pore as fib-
rils probably depolymerizes into fragments and into the
outer mucous sheath-like amorphous layer (Gerrath,
1969; Drawert and Mix,1961a).
Pretreatment with pectinase for SEM did not ade-
quately clean the cells of mucilagen for unobstructed
viewing. The presence of mucilagen could conceal orna-
mentational features which could influence the taxonom-
ic placement of the organism. An alternative method of
cleaning performed by Pickett-Heaps (1973, 1974)
demonstrated that pretreatment witha Glusalase prepara-
tion was usually effective inremoval of mucilagen, but he
indicated that total mucilagen removal is rare (Pickett-
Heaps, 1975).
Prescott et al. (1977) have detected by light
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TEM micrographs of the cell wall ofMicrasterias radiosa var. radiosa. The two types of fibrilous material, the "spider web" type and the balls ofPlate I
fibrils type can be seen in the PD (I,4, 5). I).The pore, external to the plasma membrane (arrow and arrow head), is evident penetrating the SW; PB,
PC, and PD can be seen; M radiating out of the pore appearing as fibrils in dose association with the AS, 66,000x; 2). PH and PC penetrating the SW; J
PD; plasma membrane (arrow); M; AS, 66,000x; 3). PD; M;AS, 66,000x; 4). Part of the PC penetrating the SW; PB (thick arrow); PD external to the plas-
ma membrane (arrow head); AS, 52,0()()x; 5). M in close association with the AS; PD external to the plasma membrane (arrow head), 2(i,()()()x.
Lengend: SW = Secondary Wall; PH = Pore Head; PB = Pore Bulb; PC = Pore Channel; PD = Pore depression; M = Mucilaginous Substance; AS =
Amorphous Substance.
?
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0Examination of the Cell Wall ofMicrasterias radiosa Var.radiosa (Conjugatophyceae)
by Transmission and Scanning Electron Microscopy
Plate II.SKM micrographs ofMicrasterias radiosa var. radiosa. 6). Arising from the secondary wall, ornamentation of an asymmetrical swelling with the
apex pointing centripically on each semicell lace adaxial to the isthmus can be seen (arrow); a large amount of mucilagen can be seen covering the cell;
7). Parent semicell of the parent/daughter semicell relationship with the isthmal lip rolled hack (white arrow); pores located in the region ofthe isthmus
and at several quaternary divisions (small black arrows); S). Large pore of pore type 4 located in the isthmal region; 9). Small pore ofpore type 4 located
at the division ofa quaternary lobe.
(Long bars are 10 jam lor C>, 7 and 1 u.m for 8, 9).
microscopy prominent asymmetrical swellings in other
Micrasterias species; M. Borgei, M. denticulata var. Taylorii
f. Taylorii, and M. Thomasiana var. pulcherrima. These
qualified observers have seen these swellings when pre-
sent but did not detect the swelling in the nominate M.
radiosa. This collection which superficially resembles M.
radiosa contains an additional feature which was easily
viewed by light microscopy but the specific morphology
was better determined by SEM.
SEM revealed this feature to be ornamentation of an
asymmetrical swelling with the apex pointing centripically
on each semicell face (PI. II6, 7). This previously unde-
scribed feature appears to arise from the secondary wall
adaxial to the isthmus. A review of the literature indicates
that swellings were not observed inM. radiosa var. radiosa.
Hence, this finding necessitates taxonomic revision upon
this variety ofMicrasterias. The proposed new varietal epi-
thet is M. radiosa var. bulbosa.
During the processing of SEM, many of the cells
broke at the isthmus (PI. II7). This was probably due to
rough treatment of the delicate cells during critical point
drying procedures. The isthmal lip of the semicell
appeared to be rolled back (PI. II7). Therefore, this semi-
cell is the parent semicell of the parent/daughter semicell
relationship (Pickett-Heaps, 1972).
Pores of type 4 were located in the isthmal region
and at the division of several quaternary lobes (PI. II8,
9). Pore type 4 is characterized by pore openings located
at the cell surface with no special differentiated cell area
surrounding it (Neuhaus and Kiermayer, 1981).
Micrasterias taxa have been detected to possess pore type
4 (Neuhaus and Kiermayer, 1981; Drawert and Mix,
1961a). These findings of the Cosmarium cell wall type
and pores of type 4 upon Micrasterias radiosa var. bulbosa
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are consistent with other findings upon Micrasterias taxa.
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Abstract
Without special precautions a sum-rule error occurs automatically when a chi-squared procedure is used to fit a fun-
don to binomial or Poisson distributed histogram data if the function has at least one linear parameter. Since the square
of the variance per channel is equal to the mean population, errors are usually approximated using (G^yjX)};this choice
for approximating the variance gives a per-channel error weighting of 1/yj that automatically results ina sum-rule error.
This sum-rule error consistently and systematically underestimates the total sum of the data points by an amount equal to
the value of %*, resulting in Zjyj-Zjfj= J&where %i = £j (vi- QVyi an^ f'i=f(Xj,{parameters}). In contrast, using {o'-f=(¦>()}
gives the error weighting per channel of 1/fj that automatically results ina less well known sum rule error. This sum-rule
error which is only half as large but opposite insign consistently and systematically overestimates the total sum of the data
X?points by an amount equal to half the value of %?, that is, it results in - Zjf- = - Ly ,where Xr= (vi" 'i)"'/'i- The good
news is a combination of error weightings may be constructed which completely eliminates the otherwise automatically
cocuring sum-rule error by taking advantage of cancellations occuring between the two sum-rule errors implicit in the two
above-mentioned approaches to error-weighting per channel. This fortunitous linear combination of sum-rule error swill
combine and cancel ifthe fitting funtion is a sufficiently viable choice so that Xr= Xy = v (number ofdegrees of freedom);
1 2
consequently a weighted linear combination of these two definitions may be used, X2 = 3 Xy +!%?• This choice for X" = is
1 1 2
equivalent to choosing an error weighting of „'_' = 3yj + :'>(; ,and it essentially eliminates summing errors so that Xjyi- Zjf-.
An alternate method is presented and proven for {jLt; = f-}in fitting a function using Maximum Likelihood.
Introduction
Chi-squared fitting is a common method of describ-
ing histogram data with an appropriate theoretical func-
tion. One advantage of this procedure is the ready avail-
ability of error estimation for the fitting parameters using
the error matrixprocedure (Arndt and MacGregor, 1966;
Bevington and Robinson, 1992; Press et al., 1989). A huge
amount of binomial or Poisson distributed data is taken
every year in the form ofhistograms, where the error per
channel is the square-root of the mean channel popula-
tion (Boa/, 1983). One reason this body of physical data
is so large is that data may now be acquired using auto-
matic data processing techniques under micro-computer
control often using multi-parameter analog-to-digital con-
version of amplitudes of pulsed analog waveforms or
using multiscaling techniques. An example is the con-
struction of histogram data taken in a counting experi-
ment where each "spectrum" is a frequency distribution
often analyzed automatically by fitting it with a general
theoretical function containing amplitudes and widths for
describing a collection of peaks to the populations of all
the channels, while also parametrizing the background
population underlying these peaks.
The quantum nature of physical interactions requires
a microscopic event to either happen or not happen
despite the average likelihood of occurrence being repre-
sented as a spatially-distributed collection of fractional
probabilities. This idea underlies why binomial or Poisson
statistics applies to a huge body ofphysical data.
However a systematic difficulty with fitting a theoreti-
cal function to this type of data was indicated in early
work (Bevington, 1969) which has shown a serious sum-
rule problem arises using the chi-squared technique
[area(date) - area(fit) = X2] ifthe measured values of chan-
nel population {y,} are used to represent mean channel
populations in estimating errors, thus, the standard devi-
ation estimates are taken as {o?£Vj>0}.This work showed
a consistent and systematic underestimation of the total
sum of the data points by an amount equal to the value of
t1. s Xi(yr f'i)-/yi,i-e., ZiyrXifi¦ Xy. when using a (non-lin-
ear) Gaussian and a (linear) background for f; = f(Xj,
{parameters}) in an example of using chi-squared fitting
of a functional form to histogram data {xj, y^} when the
population ofeach channel is a Poisson distribution.
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Materials and Methods
Consider a function f- = f(xj, {ak})in the description of
an {xj,yj} histogram of Poisson or Binary distributed
data, with each per-channel error given by o{ = Vy~ Ifthe
technique of minimizing chi-squared is used to optimize
the parameters {ak} in each fj, the total sum of the fitting
function Zjf- systematically fails to agree with lyl by an
amount equal to the un-normalized x~ = Xv- Figure 1
proves the underestimation of the sum, Ziyi- Xjfj= X~> an<^
this proof is generalized forany fitting function having at
least one linear parameter used to optimize a theoretical
function to a histogram of binomial or Poisson distrib-
uted date {yt } with standard deviation estimates {o~j _
Vyj}, i.e., since yi is used to estimate each mean channel
population.
Zjyj - Zjfj= x2 is proved, when (<jj=yf~yi )is used inminimizing y}\
Consider only the linear parameter set (aj<( when using (o"j= -\fy~j ) to
minimize %2,providing a set of equations: fj= f(xj,(a^)) = Lk a^ gk(xi< a),
witha representing any non-linear parameters.
2 T fri-fi>2 r fri-fr2 v (yi-fi)2 r/ M .(yi-fj),
3X2 (yj
- fj)
-j =-2Ij gk( xi'a)=0' lak)parameters. Each term is zero =>
1 9v 2 (yi ¦ fi>
"
2 Skaka^
= 3^!~yi gk(xi'«)= 0.
Interchanging summing order above and using fj¦ Z^a^ gk(xi/ <*) gives:
(yj- h) (yi- h)
zi—^— z-k ak gk(xi'«) =si
~^r- h
= - % 2+ (yi-fj)=o.
Transposing completes the proof: Zj(yj- fj)= Zjyj - Zjfj=y}
Fig. 1. Systematic summing errors are shown for {d^=yt}:
X2 =x^
=lyi-Iii-
Ifthe function fj= f(xi; {ak })provides a good descrip-
tion of the histogram shape, x~ = X\ = v =N
- p (the num-
ber of degrees of freedom) where N is the number of
data points and p is the number of parameters in the
optimization. This underestimation of the total sum
results in an average error ofonly about 1 count per chan-
nel. However, there are no guarantees that in any particu-
lar channel this error willnot substantially exceed 1.
It is interesting to note there is no sum-rule error and
Zjyi = Zjfjmust hold for a simple least-squares fit which
ignores the role of errors by setting G=l for each chan-
nel, giving x1=^i(yi 'fi)~> provided the function, fj,
includes an overall constant term (a^ to be optimized.
The proof of ZiYi- Zjf- is as follows: a ]= 2Zj ()'j - (¦) = 0,
giving Xj (yi - fj) = 0- Unfortunately this cure of the sum-
rule error is of little importance since errors may not be
ignored in any serious data analysis procedure.
Several remedial efforts have been suggested for min-
imizing the effects of the sum-rule error (Bevington,
1969; Bevington and Robinson, 1992). These remedia-
tions include smoothing histogram data using a convolu-
tion which damps the channel-to-channel flutter in {yx}
artificially reducing the size of Xy, thus reducing the sys-
tematic summing error, l^y; - £jfj = X\- Among other
adverse effects, smoothing degrades the resolution of the
experimental peaks in a greater or lesser proportion
depending on the remediation being sought.
A second approach for remediation suggests a coars-
er binning of histogram data to reduce the number of
degrees of freedom, v, thus reducing the size of the sys-
tematic summing error Ziyi - Zjfj = X\ = v- Unfortunately,
inproviding fewer histogram bins for describing each
experimental peak this approach also degrades the reso-
lution of the experimental peaks in a greater or lesser
proportion depending on the remediation being sought.
A third approach suggests fittingbackgrounds in regions
far removed from any peaking followed by fitting the
peaks while holding background parameters constant.
Although a careful examination of the role of peaks ver-
sus background is generally a good idea when possible, it
is not a general approach consequently it has limited
applicability incuring the sum-rule problem.
One would not expect summing errors to play an
important role when the number of counts in every his-
togram channel is quite large. However, counting statis-
tics only improve as the square root ofeach mean channel
population; many researchers carrying out difficultexper-
iments or those committed to production line analysis
work may not have the luxury of acquiring a large num-
ber of counts per channel in their experimental spectra.
Though many experimenters use chi-squared fitting
procedures to represent their data, many may be unaware
of the automatic onset of a sum-rule difficulty associated
with this type of analysis, and possibly a substantial num-
ber may be more concerned with determining other fit-
ting parameters than the populations of the peaks.
However, when there are unconnected systematic errors in
a fitting method, these difficulties may have adverse con-
sequences in determining the size of other fitting para-
meters, not just those associated with the strength of each
peak. Thus, it would be better to fix the fundamental
problem of systematic errors in the sum rule, rather than
try to patch up consequences in some ad hoc fashion.
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Results and Discussion
The cure to the sum-rule problem discovered by
Bevington (1969) of a systematic error in (underestimat-
ing) the sum may be found by re-defining the y}.This
cure is possible because, by remarkable contrast to
Bevington's earlier work, iferrors are estimated using
{c»7=fj>0}instead of {ofsyi>0}, the chi-squared method is
found to consistently and systematically overestimate the
total sum of data points by half the value of Xl = Xj(yi -
fi)2/fi(Braithwaite, 1974).
Underestimation (in Fig. 1) and overestimation (in
Fig. 2) of the total sum are proven for the choices of error
estimates {ofsy^O) and {<j2~f.>0},respectively, using only
the normal equations for the linear parameters. Non-lin-
ear parameters only affect the systematic summing errors
because of their influence on the numerical size of X~
and thus on the viability of the choice ofoptimizing func-
tion.
X2 i—Z,yj - Zjfj=
"2 is proved, when (a; s-y fj)isused in minimizing x2:
Consider only the linear parameter set (ak) when using {Oj= -yfj) to
minimize y},providing a set ofequations: fj¦ f(x;,(ak)) = Zk ak gk(xj, °0'
witha representing any non-linear parameters.
, (yi-fi)2 _ (yi-fj)2 (yi-fj)2 .(yj-h) vl „
az2 i (yj-fj) \y\-hV-\
af-=
-
2Ij f.
-+ I,
-y-1 gk(xi# a)= 0, V {akl parameters. Each
k i L i J )
i dx2 ( (yr fi) i ryi- fil2)term is zero => - 2Ikak d = Zkak Xj -? + 2Ij-g— gk(xj,a) =0.
Interchanging summing order above and using fj=Ikak gk(xj,a) gives:
_ <Yi- fi), 1 [Yi" fil2, _ v v . 1 , _fi+ 2
—
fi j fi = Ziyi"Zifi+ 2 * = °-
f v2Transposing completes the proof: £j(yj - fj)= £, yj- Xjfj=-y
Fig. 2. Systematic summing errors are shown for [ofsfj}giv-
inglyi-Ifi^T•
Ifthe fitting function is a viable choice itwillresult in
Xy = Xr' so these two versions of'x~, although of very simi-
lar size, willyield different signs and sizes in their associ-
ated systematic summing errors. Cancellation of these
sum-rule errors by using the new weighting, x~ = \ X v +i
X'{,in formulating and minimizing of X2 should essentially
eliminate these summing errors. This weighting is com-
pletely equivalent to replacing the error weighting terms
a2 byTfyj +% in the routine computing %-. Although^ vs|
should provide an adequate weighting in essentially elimi-
nating sum-rule errors, one might view this choice as pro-
viding a good firstguess for the new weighting.
Figure 3 proves an alternate method of curing the
sum-rule errors for Poisson-distributed data if a
Maximum Likelihood formulation with {\xx = fj} is used
instead of the error-weighted %- formulation. The only
change needed in the numerical approach for optimizing
the parameter search is to replace the routine calculating
X~ = £io^ (yi'fi)~ ky r°utine (of the same name) which cal-
culates X\ [fj - yj log(fj)] in place of %'- for the same fitting
function.
Ijyj= Ijfjisproved in fittingdata by Maximum Likelihood for (uj= fj)
when the population of each channel follows a Poisson distribution
Consider only linear parameters (ak),and {(ij= fj( in the Maximum
Likelihood function: P = Flj yT e '< for h¦ %*i> \&V))" ak gk(xj,a),
witha representing non-linear parameters. Maximizing Pis equivalent to
<)V
minimizing F = - L= - log(P) =Ij[fj- yj log(fj))+ constant, using s— = 0.
=Ij1- £7 gk(xj,a) =0, (ak) parameters. Each term is zero =>k I ii
dF - (. ViIkak 3av = \l'f gk(xi'a)=°- Interchanging summing orderK \ \ j
and using fj=Ik ak gk(xj,a) =>Ij1 - bk akgk(xi'«) ¦ Zitfi•Yi)=
Ijfj-Ej yj=0. Transposing completes the proofrfljyj=I,fj .
Fig. 3. Systematic summing erros are cured with a maxi-
mum likelihood formulation using (Mi= fi}«
Figure 4 shows a second-order expansion describing
X2 in terms of all the search parameters {ock },both linear
and non-linear, near the minimum of X2- The first deriva-
tive of this expression is taken for each parameter, and
each resulting expression is set to zero to provide N
simultaneous linear equations for a set of candidate steps
{Aock} to be taken toward the global minimum. Figure 4
shows these N equations as a single matrix equation.
Since an absolute minimum in x~ ls needed for every
parameter in {ock }, the second derivative must be greater
than zero for each diagonal-element term of the square
matrix, called the curvature matrix.
Derivatives shown above may be found numerically,
and since cross partials commute, only half of the off-
diagonal elements in Fig. 4 need to be calculated. As
noted earlier, each diagonal element in Fig. 4 must be
positive to assure an absolute minimum in x~ occurs for
every parameter in {ock }.If each diagonal element is posi-
tive and an inverse matrix is found to exist, then a set of
candidate changes {Aak } in the parameters may be com-
puted by inverting the matrix equation and using the
inverse matrix to multiply the column vector on the right
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which is comprised of first partials of X2 with respect to
each fittingparameter.
Using allparameters {ak}to find absolute minimum in X2
The expansion: X2 = X? + Aak+^^[gl^AakAam
is used to describe %2 f°r a'lsearch parameters (oc k|near a %2minimum.
For X2 to be an absolute minimum in (ak),two requirements must be
9v2 r32y2-1 ay 2
satisfied: =0 and hj^T^ > 0,for every parameter in(ak). Using j£r
= 0 in the quadratic expansion above results in the matrix equation below
wi \J%L\ r g2*2 1 r a2*2 1
"
rj^zii rw rj2!2 ! r 2x2 1
Laa23onJ 0 L3a22J o L3a2aa 3J o
-
¦ ¦ L9a23a NL|o
r d2X2 1 rj^j ra^i r, 2^ !Laa^3a]] o[803302] o La«37Jo ¦ ' 'L5a33aNj o
r &X2 ir a2*2 ir *2x2 i fWLaa N3a ]J oL3aNaa 2JoL3a Naa3jo - ¦ • L3aN2Jo
This NxNmatrix is inverted and used to solve fora candidate set of (Aa^)
Fig. 4. A second-order expansion procedure is used t<
develop equations for finding the
parameters {cck} both linear and m
Ifany diagonal elements in Fig. 4 are found to be
zero or negative, the initialparameter choice is not suffu-
ciently close to a global minimum. Methods to remediate
this problem are available in the literature (Bevington
and Robinson, 1992; Marquardt, 1963; Daniel 1971). One
possible remediation is to change the size and/or sign of
zero or negative diagonal elements to make all diagonal
elements greater than zero and then take fractionally
smaller steps than prescribed by the set of candidate
changes {Aak} which are calculated after matrix inver-
sion.
Since the goal was to minimize chi-squared, numeri-
cal values were calculated for each of these derivative,
symmetrically around each expansion point to provide a
good representation of the quadratic expansion of X"
near and at its global minimum. Figure 5 outlines the
procedure used for calculating both the first and second
derivatives numerically. This figure shows a slightly more
elaborate method of calculating the second derivatives
(Abrahamovich and Stegun, 1984). The simpler methods
of calculating derivatives gave adequate results: after sev-
eral iterations Ax2 was reductin by ~ 10 lr>,with the corre-
sponding candidate step sizes also approaching zero,
{Acck ~ 10"ir'}.Also the inverse matrix routine was tested;
the product of the matrix and its inverse gave 1 for each
dxoc^
¦ its : r
I 11" 1 fWl L
r r^cii
\JhL2 A f^il
L^?JoJL AaNJ LL^nJoJ
j cc^l-
ision o |_
minimum in X"for all
i nonlinear.
diagonal element and either zero or numbers about 10 ir>
for the off-diagonal elements when using 64-bit double
precision for the real variables in all the routines includ-
ing the numerical derivatives.
Procedures for Calculating Derivatives Numerically
Each derivative is calculated symmetrically around
the expansion point to provide a good representation of
the quadratic expansion of X2 near and at its minimum.
X 7~\ Y 2 .V2 <*m Aak
dado" 2A(Xk Ty2 I""|y2 |"""|y2 H
92*21 x+2o^2o-2xo2o cri i Aam
aa k2jo
- (Aak)2 Q--^-|[glJ «k
¦
a,^, 1 Y 2. Y2. Y2.Y2 1(akcv «mo)alX - X++^ X-- X+- X-+ ; i ;
aa k3amjo
=
4(Aak)(Aam) f^H [S fxi
A slightly more elaborate method uses the following:
32X2] = X+2+ - 2Xo2+ + X2++ X+2O "2Xo2o + X2o+ X+2- - 2 y&_+ %}. >
3ak2jo
-
3(Aak)2
&x2 1 =*+2++ 2 Xo2o + x-2- - x+2o - x-2o - Xo2+ -xh
3ak5a mJo~ 2(Aak)(Aam)
Fig. 5. Procedures incalculating numerical derivatives to
fitall parameters {ak }.
In a recent publication Bevington and Robinson
(1992) show a fit to a 60-point histogram with a 6-parame-
ter fitting function. Their chi-squared analysis tises three
linear parameters to describe a quadratic background
and three parameters to describe the single peak: a
Lorentzian with a variable area, position and width. The
maximum peak in the data histogram contained 81
counts, and the smallest histogram populations were 6
and 1in channel 1 and 2, respectively.
Figure 6(a) shows the result of calculations using
Bevington and Robinson's published (1992) optimization
parameters: giving x2
=
X2
=59, with N - p = 60 - 6 = 54.
The sum of data over 60 channels is Xiyi = 2000 with the
sum of their fitting function over 60 channels Xjfj= 1940,
discrepant by roughly x2 = 59. Their quoted fitting para-
meter (#4) gives an area of 276+44, lying roughly in
between their sum Zj (fj - bj) = 261 and their sum Zj(yi -
bi)
-
321.
?
In contrast, Fig. 6(b) shows results from an optimiza-
tionusing the newly-prescribed chi-squared weighting: x2
= 7^ x2+ \ X2 —>60, which is completely equivalent to replac-
ing the error-weighting terms by ~Jyt +% in analyzing
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the same {xj,yj}histogram data set, with N -p = 60 - 6 =
54. The sum of data over 60 channels is Xjyj = 2000 as
compared with the sum of the new fitting function over
60 channels Zjf-¦ 1996, which is discrepant by only 4. The
fitting parameter (#4) gives an area of 260+42, in good
agreement withXj(fj-bj)= 252 and Zj(y; - bj)= 256.
Figures 6(c) and 6(d) differ from Figs. 6(a) and 6(b)
in that histogram data channels 1 and 2 are ignored in
Figs. 6(c) and 6(d). Comparing these figures shows the
importance of eliminating data channels containing little
information but having %- weightings sufficiently large to
unduly distort the chi-squared fit.
Figure 6(c) shows the result of calculations using
Bevington and Robinson's published (1992) optimization
parameters: giving x2
=
X2
= 48 with N - p = 58 - 6 = 52.
The sum of data over 58 channels is '^iyl= 1993 with the
sum of their fitting function over 58 channels Y,\y-, =
1945, now discrepant by x2= 48. Fitting parameter (#4)
gives an area of 269 (276 before) with
'
Is (fj - bj) = 257(261 before) and Ij(y, - bj)= 305 (321 before). Figure 6(d)
shows results of an optimization using x2 = 5 X2 +2>,X2 ~* 49
inanalyzing the same {xj,yj}histogram data set with N - p
= 58 - 6 = 52. The sum of data over 58 channels is 'Zlyi=
1993 and the sum over 58 channels of Itf = 1992, dis-
crepant by only 1. Fitting parameter (#4) gives an area of
258 (260 before) withI,(fj -yj = 247 (252 before) and S,
(ys
-bj) = 247 (25(5 before).
Thus we have presented and proved a method for cur-
ing systematic sum-rule errors which automatically arise
when using an error-weighted chi-squared fitting of a
function with at least one linear fitting parameter to bino-
mial or Poisson distributed histogram data. Further, an
example histogram of data was fittedby a Lorentzian on
a polynomial background. This example demonstrated
the systematic summing error discovered by Bevington
(1969) as wellas showing an adequate elimination of the
summing errors by using the presently proposed prescrip-
tion for approximating the error-weightings with O2 = 5$yj
+ Wr In addition, an alternate method of curing the sum-
rule errors forPoisson-distributed data was presented and
proven ifa Maximum Likelihood formulation with {(ij=
fj} is used to replace the error-weighted x2 formulation.
The only change needed in the numerical approach for
optimizing the parameter search is to replace the routine
calculating x2 = £j^3 (y;- fj)g by a routine (of same name)
which calculates X; [fj - yi l<>g(fj)] in place of X2 for the
same fitting function.
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Fish samples were collected with seines and rotenone from 21 localities representing five major habitat types along
the Red River in Arkansas. The bigscale logperch, Percina macrolepida, was found at 11 of those sites, providing the first
records of that species from the state. The primary preferred habitat parameters for bigscale logperch are no current, a
sand and/or silt substrate, and a water depth of 1.0-2.0 m. Percina macrolepida is morphologically very similar to the wide-
spread and common logperch, P. caprodes, but can be distinguished from all forms of that species in Arkansas by a combi-
nation ofcharacters. Snout shape and the presence of scales on the breast, prepectoral area, and along the posterior edge
of the preopercle inP. macrolepida are the most useful distinguishing features.
Introduction
The bigscale logperch, Percina macrolepida, was origi-
nally described from Texas specimens by Stevenson
(1971). Its known distribution at that time was the
Colorado, Guadalupe, Brazos, San Jacinto, Trinity, and
Devil's river drainages in Texas, the Rio San Carlos in
Coahuila, Mexico, and Lake Texoma (Red River drainage)
and its tributaries inOklahoma. Subsequently, native pop-
ulations were also reported from the Sabine River in east-
ern Texas and western Louisiana (Stevenson and
Thompson, 1978), and from the middle and upper Pecos
River in New Mexico (Stevenson, 1980). Stevenson and
Thompson also reported two specimens from the Red
River mainstream in Oklahoma below Denison Dam: one
from near Kemp City in Bryan Co., and one near the U.S.
Hwy 259 bridge in McCurtain Co. (approximately 18 km
upstream from the Arkansas state line). The bigscale log-
perch also has been accidentally introduced into
California (Sturgess, 1976), where it has established wide-
spread populations in the Sacramento-San Joaquin sys-
tem. More recently, introduced populations have been
reported from northern Colorado (Platania, 1990).
The North American darter genus Percina contains
about 40 species divided into nine subgenera, represent-
ing the larger members of the darter tribe
(Etheostomatini). Percina macrolepida is a member of the
subgenus collectively known as logperches {Percina).
There are currently seven recognized species within this
subgenus with the logperch, P. caprodes, the most widely
distributed member. Percina caprodes is found over most of
eastern North America from Hudson Bay and Great
Lakes drainages, south throughout some Atlantic coastal
drainages and in most of the Mississippi River basin,
including Arkansas (Robison and Buchanan, 1988).
Percina macrolepida has the southwesternmost range of
any species of Percina and is the second most widely dis-
tributed logperch.
Percina macrolepida is morphologically very similar to
P. caprodes, and Stevenson (1971) referred to the two as
sibling species. Percina caprodes is found in practically all
stream drainages of Arkansas (Robison and Buchanan,
1988) and is a highly variable species. Morris and Page
(1981), in a study of variation in western logperches, rec-
ognized three distinct forms inhabiting Arkansas:
(1) P. c. caprodes is found in Ouachita and Red river
drainages (Little River) of the state but not in
mainstem Red River habitats. It is distinguished
on the basis of high scale counts, narrow lateral
bars, and the absence of an orange submarginal
band in the first dorsal fin.
(2) P. c. fulvitaenia occurs in the Arkansas River
drainages of the state and has low scale counts,
wider lateral bars, and a broad orange or yellow-
orange submarginal band in the first dorsal fin of
adult males (females may also have a yellow to
orange submarginal band).
(3) P. c. fulvitaenia x P. c. caprodes inhabits the White
River drainage and is currently considered to rep-
resent intergrades between the first two sub-
species. This diagnosis was based mainly on the
variability of the development of the orange band
in the first dorsal tin and is not fully accepted by
all current researchers. Further study of the sys-
tematics of this form is needed.
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Stevenson (1971) provided characters for distinguish-
ing the bigscale logperch from central Texas populations
of logperch which were then included in P. caprodes.
Subsequently, the central Texas populations of P. caprodes
were recognized as a distinct species, /¦*. carbonaria, the
Texas logperch (Morris and Page, 1981). Morphometric
characteristics of larval and juvenile bigscale logperch
from the West Fork of the Trinity River Basin, Texas,
were described by Simon and Kaskey (1992). Some of
Stevenson's characters used to distinguish P. macrolepida
from central Texas populations of logperch are not valid
for distinguishing P. macrolepida from the three distinct
forms of P. caprodes occurring in Arkansas. We herein
report the first confimed records of P. macrolepida from
Arkansas, its preferred habitat characteristics, and charac-
ters for distinguishing that species from Arkansas popula-
tions of P. caprodes.
Materials and Methods
The Arkansas portion of the Red River is approxi-
mately 217 river km long. Our sampling sites, which were
distributed from near the Oklahoma state line down-
stream to about 6.4 km south ofFulton inHempstead Co.
(Fig. 1), were confined to the upper 53% of the river in
Arkansas to maximize the possibility of finding P.
macrolepida. Fish collections were made between the
hours of 0900 and 2000 on 23-26 July 1995 with an
ichthyocide (rotenone) and with 6 x 0.9 m and 9 x 1.8 m
nylon seines of 3.2 mm mesh. Specimens of all species
collected were preserved in 10% formalin and later trans-
ferred to 45% isopropanol. Allfish species present at
each site were identified in the laboratory from the pre-
served samples, and specimens were deposited in the
Westark Community College zoology collection (WZC).
Twenty-one collections were made in five distinct
habitat types:
(1) Main channel (four collections), the mainstream
of the river along seinable point bars and islands.
(2) Chute (one collection), a swiftly flowing section
or branch of the river separated from the main-
stream by an island.
(3) Backwater (10 collections), an area of quiet, per-
manent water off the main channel of the river
behind an island or sandbar and connected to the
main channel by one or two passageways.
(4) Sandbar pool (two collections), a large, tempo-
rary pool of water, generally exceeding 0.5 m in
depth, left behind on a sandbar or island after a
recent drop in river level.
(5) Oxbow lake (four collections), a meander scar
lake periodically inundated by the river.
Three of the backwater collections were made in the
LittleRiver within 2.5 km of its confluence with the Red
River.
Several physical parameters were recorded at each
locality to determine the summer habitat preference ol
the bigscale logperch. Water temperature, maximum
depth, depth of capture, substrate composition, current
(estimated as none, slow, moderate, or swift), and Seech:
disk visibility (an indicator of turbidity) were deter-
mined.
Thirteen meristic and morphological characters were
examined to determine the best features for distinguish-
ing P. macrolepida from Arkansas populations of logperch,
P. caprodes. Counts and measurements were made follow-
ing Hubbs and Lagler (1964), except the diagonal (trans-
verse) scale rows which were counted from the anal fin
origin to the first dorsal fin. Standard length (SL) was
measured to the nearest mm with dial calipers. Scales on
the breast, on the top of the head (supraoccipital region),
in the prepectoral area, and on the edge of the preoper-
cle (exposed or embedded along the thin posterior edge)
were recorded as present or absent.
Five pigmentation features were studied. They are as
follows: (1) presence or absence of a broad orange or yel-
low-orange submarginal band in the first dorsal fin, (2)
the number of vertical bars along the side of the body
counted from the occiput to the hypural plate (all bars
which extended distinctly below the lateral line were
counted), (3) the number of lateral bars which meet ven-
trally (usually on the caudal peduncle) with their corre-
Fig. 1. Fish sampling sites along the Red River in south
western Arkansas, July 1995. Solid triangles represent
sites where Percina macrolepida was found. The solic
square (Little River) represents a P. macrolepida recorc
from the Henderson State University vertebrate collec
tion.
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sponding member from the other side, (4) the occur-
rence of a vertical subocular bar (teardrop pattern
beneath eye), and (5) the occurrence of a horizontal bar
beneath the orbit. Snout shape was classified as either
pointed (but not fleshy) or conical (fleshy, bulbous, and
usually protruding far beyond the upper lip).
Differences between P. macrolepida and P. caprodes
population means for number of lateral line scales, num-
ber of diagonal scale rows, and number of vertical bars
along the side of the body were tested for statistical sig-
nificance witha Student's t-test. Arkansas collections ofP.
caprodes examined for comparison with P. macrolepida
came from the Ouachita River drainage (Lake Hamilton,
Westark Zoology Collection-0852), the Arkansas River
drainage (Blue Mountain Lake, WZC-1137; and Nimrod
Lake, WZC-1421), and the White River drainage (Greers
Ferry Lake, WZC-1138). Twenty lots of logperch in the
Henderson State University (HSU) vertebrate collection
were also examined.
Results
We collected 246 specimens of/*,macrolepida from 10
of the 21 sites sampled (Fig. 1). At another site, one
bigscale logperch was observed swimming briefly near
the surface in response to the applied rotenone but was
not captured. Thirty-eight of the specimens were taken
from river backwater habitats (35 of those from the Red
River and three from the Little River), and 208 were
caught in Fifty-one Cutoff Lake, an oxbow in Hempstead
Co. which is annually inundated by the Red River. No
bigscale logperch were found in the main channel, sand-
bar pools, or ina chute.
The preferred summer habitat parameters for P.
macrolepida are quiet water, sand or silt substrate, and
water depth of 1.0-2.0 m. No specimens were found in
habitat having any noticeable current, and only one speci-
men was collected in shallow water. Eighty-nine individu-
als (36.2%) were caught over sand substrate, 11 (4.5%)
over silt substrate, 145 (58.9%) over mixed sand and silt
substrate, and one (0.4%) over gravel substrate.
The water was very turbid at all sites sampled, a con-
dition typical of the Red River in Arkansas throughout
the year. Secchi disk visibility ranged from 20-46 cm in
the Red River, 38-61 cm in the oxbow lake, and was 79 cm
in the Little River. Water temperature ranges for these
three areas were 26.7 (spring-fed backwater)
-31.1 C,
28.3 - 30.0 C, and 30 C, respectively. Allriver backwaters
where P. macrolepida occurred, except one, ranged in sur-
face area from 0.2-12.0 ha; one bigscale logperch was
caught in a small (0.001 ha), shallow (0.36 m), gravel-bot-
tom pool immediately adjacent to the main channel of
the Red River. There was little or no vegetation or cover
at most sites where bigscale logperch were found. The
Little River backwater had three small patches of
Potamogeton along its north bank, but the three P.
macrolepida collected at that locality were not taken near
the vegetation. Two of the Red River backwaters had
roots, logs and stumps, and three of the oxbow lake sites
had standing timber and some logs. Each river backwater
where P. macrolepida was found had a connection to the
main channel. Backwaters completely cut off from the
main channel yielded no specimens.
Of the 10 backwaters sampled having all of the prime
habitat parameters for bigscale logperch, seven produced
specimens of that species. Generally, less than 10% of a
given backwater locality was sampled. Fifty-one Cutoff
Lake had the largest population of P. macrolepida (84.6%
of all specimens collected). Allfour samples taken from
that oxbow lake yielded bigscale logperch. The largest of
those lake samples was a 0.1 ha area sampled with
rotenone which produced 136 specimens.
Other fish species collected at all sites where P.
macrolepida occurred were typical of Coastal Plain habi-
tats in Arkansas. Thirty-three species were collected from
Fifty-one Cutoff Lake, and other darters found there were
Etheostoma chlorosomum, E. gracile, and P. shumardi. In the
Red River backwaters where P. macrolepida was found, 49
species were collected including the darters, E. asprigene,
E. chlorosomum, E. collettei, E. gracile, P. sciera, and P. shu-
mardi. The one Little River backwater where bigscale log-
perch were found produced 26 species including the
darters /','. gracile and P. sciera.
Table 1 compares 13 characters ofP. macrolepida with
the three forms ofP. caprodes in Arkansas. The frequency
distributions of lateral line scales (Table 2) and of diago-
nal scale rows (Table 3) are also compared for all four
forms.
Discussion
There are six characters that are most reliable for dis-
tinguishing P. macrolepida from all three forms of P.
caprodes. One of the most useful characters is snout shape
(Fig. 2). In /-*. macrolepida, the snout is pointed, not fleshy,
and rarely protrudes prominently past the front of the
upper lip; the snout ofP. caprodes is conical, bulbous and
fleshy, usually projecting well in front of the upper lip.
Sometimes juvenile P. caprodes spec imens less than 55
mm SL have a pointed, nonprotruding snout (especially
P. c. caprodes), and 11% of Arkansas P. macrolepida have a
moderately conical to very conical, protruding snout.
The presence of scales on the breast is a character
that is unique to P. macrolepida among the members of
the subgenus Percina. The entire genus Percina is charac-
terized by the presence of one or two large stellate scales
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Table 1. Comparison of characters of Percina macrolepida from the Red River with those of the three forms of P. caprodes
occurring in Arkansas. Percentages indicate the % of individuals showing that character.
Character P. macrolepida
Red R. dr.
N=246
P. c. caprodes
Ouachita R. dr.
N=119
P. c. fulvitaenia
Arkansas R. dr.
N=106
P. c.fulvitaenia
X P. c. caprodes
White R.dr.
N=138
Pointed, not
fleshy (89%))
Conical and
fleshy (86%)
Conical and
fleshy (85%)
Conical and
fleshy (92%)Snout shape" 1"
Breast Scales* Present (83%) Absent (98%) Absent (100%) Absent (98%)
Prepectoral scales + Present (79%) Absent (95%) Absent (99%) Absent (98%)
Scales on edge of
preoperde + Present (74%) Absent (99%) Absent (98%) Absent (97%)
Mean diagonal
scale rows+ 24.9 28.7** 28.3** 31.3**
Mean lateral
line scales 85.6 89.1** 85.7 87.5* :i
Vertical bars along
side: range (x)+ 12-20(16.1) 10-19(14.3)** 11-17(14.7)** 10-18(14.9)**
0 (0.4%)
1(73.2%)
2-7 (26.4%)
0 (38.7%)
1(59.7%)
2(1.6%)
0 (0%)
1 (72%)
2-4 (28%)
0(1.4%)
1 (88.4%)
2-4(10.2%)
Vertical bars
meeting vent rally
Scales on lopofhead Present (53%) Absent (89%) Absent (91%) Absent (96%)
Orange band in
first dorsal fin Absent Absent Present Variable
Absent 77%
Faint 15%.
Distinct 8%
Absent 58%
Faint 21%
Distinct 21%
Absent 0%
Faint 16%
Distinct 84%
Absent 24%
Faint 47%
Distinct 29%
Vertical subocular
bar (teardrop)
Absent 1%
Faint 32%
Distinct 67%
Absent 25%
Faint 52%
Distinct 23%
Absent 6%
Faint 28%
Distinct 66%
Absent 17%
Faint 51%
Distinct 32%
Horizontal bar
beneath orbit
Standard length
range (mm)' 33-76 37-116 51-77 44-92
+ Designates a character that distinguishes P. macrolepida from all three forms ofP. caprodes.
**Indicates a P. caprodes mean that is significantly different (p<().01) from the P. macrolepida mean for that character.
on the breast between the bases of the pelvic fins inboth
sexes. Therefore, the use of the presence of scales on the
breast to identify P. macrolepida refers to scales occurring
anywhere on the breast anterior to the pelvic finbases.
The number ofbreast scales present in bigscale logperch
is highly variable, and very often the breast scales are
embedded and difficultto see. Arkansas specimens rarely
have a fully scaled breast; usually there are one or a few
scattered, embedded or exposed scales with prominent
ctenii (Fig. 3). The breast ofP. caprodes is scaleless (except
for the one or two enlarged scales between the pelvic fin
bases). Allforms of P. caprodes lack scales in the prepec-
toral area, on the edge of the preopercle, and on top of
the head, whereas P. macro lepida usually has scales in
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Table 2. Lateral line scale counts for Arkansas populations ofPercina macrolepida and /-*. caprodes.
No. oflateral line scales
Species and drainage 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 N X SI) CV
Percina macrolepida 11 2 3 9 26 40 38 33 49 20 15 8 1 246 85.6 2.3 2.7
Red R.
P. caprodes caprodes 1 3 4 15 34 18 10 13 14 5 2 119 89.1 2.1 2.4
Ouachita R.
P. c. fulvitaenia 2 3 6 10 25 28 17 8 7 106 85.7 1.8 2.1
Arkansas R.
P. c.Julvilaenia X 1 5 18 19 23 31 23 8 5 3 11 138 87.5 2.0 2.3
P. c. caprodes
White R.
Table 3. Diagonal scale row counts (from origin of anal fin to first dorsal fin)for Arkansas populations ofPercina macrolep-
ida and P. caprodes.
No. ofdiagonal scale rows
Species and drainage 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 N X SI) CV
Percina macrolepida 2 5 20 22 50 58 49 26 11 2 1 246 24.9 1.8 7.2
Red R.
P. caprodes caprodes 1 10 22 2(i 22 19 15 1 3 119 28.7 1.7 5.9
Ouachita R.
P. c.fulvitaenia 1 3 9 16 30 27 13 6 1 106 28.3 1.5 5.3
Arkansas R.
Re. fulvitaenia X 2 4 17 23 26 28 30 7 1 138 31.3 1.7 5.4
P. c. caprodes
White R.
those areas. mean lateral line scale counts and a lower percentage
The presence of scales on top of the head is not a
very useful character for identifying Arkansas P. macrolepi-
da, although it is an excellent feature for distinguishing
central Texas populations of that species. Stevenson and
Thompson (1978) noted the variation in the number of
scales on top of the head ofbigscale logperch and report-
ed an eastward cline in that feature. Virtually 100% of
central Texas specimens have head scales, with a reduc-
tion in number occurring eastward to the Sabine River.
The lower number (53%) of Arkansas specimens having
scales on top of the head probably represents the eastern
end of that cline. Arkansas specimens also have higher
lo er percentage
(74%) of individuals withscales on the edge of the preop-
ercle than central Texas populations. These and other
features studied may also represent clinal variation.
Arkansas bigscale logperch with scales on the edge of the
preopercle usually have 1-3 scales; a few individuals have
as many as seven or eight scales.
Mean number of diagonal scale rows is the only scale
count found to be reliable for separating P. macrolepida
from all Arkansas forms ofP. caprodes (p<0.01). The mean
number of vertical bars along the side of the body also
differed significantly. However, the significant mean dif-
ferences for those two features are not as useful as the
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Fig. 2. Comparison of typical snout shape and head pig-
mentation patterns of (A) Percina macrolepida and (B) P.
caprodes (pigmentation of illustrated specimen is typical
ofP. c. fulvitaenia.
other characters when attempting to identify only one or
two individuals; they are more appropriate when a larger
series of specimens is involved.
In addition to the above characters, Stevenson (1971)
used lateral line scale counts, absence of an orange band
in the first dorsal fin, the number of lateral bars meeting
venti ally, absence of a vertical subocular bar, and pres-
ence of a horizontal bar beneath the orbit to further dis-
tinguish P. macrolepida from central Texas populations of
P. c. carbonaria (now elevated to full specific status, P. car-
bonaria). None of these latter characters can be used to
distinguish P. macrolepida from all three forms of P.
caprodes in Arkansas, but some of them are valid for sepa-
rating the bigscale logperch from one or two of the three
forms of P. caprodes. The bigscale logperch is significantly
different (p<0.01) in mean number of lateral line scales
from the two forms of P. caprodes occurring in the
Ouachita and White river drainages, but not from the
form in the Arkansas River drainage. It differs from
Arkansas River drainage P. caprodes (but not from the
other two forms) in usually lacking a vertical subocular
bar and in lacking an orange submarginal band in the
first dorsal fin. Yellow chromatophores are often scat-
tered in the first dorsal fin membranes of P. macrolepida
but are not concentrated in any one area into a submar-
ginal band.
Stevenson (1971) and Sturgess (1976) noted that P.
macrolepida is a smaller species than P. caprodes, an obser-
vation supported by our data. Maximum standard lengths
reported for bigscale logperch are 87 mm in Texas
(Stevenson, 1980) and 104 mm in California (Moyle,
1976). Percina caprodes is a much larger species, attaining a
maximum size in Arkansas of approximately 178 mm
(Robison and Buchanan, 1988). The largest P. macrolepida
collected in our study was 76 mm SL.
Percina macrolepida is apparently widely distributee
along the Red River of Arkansas in the appropriate habi
tats. Prior to our study only two records were known from
the Red River downstream from Lake Texoma. Both of
those records (consisting of one specimen each) were
from the Oklahoma portion of the river between Denison
Dam and the Arkansas state line, a distance of approxi-
mately 209 km (Stevenson and Thompson, 1978). The
Fig. 3. Ventral views of Percina macrolepida showing (A)
exposed scales on breast and (B) embedded scales on
breast, and P. caprodes (C) showing breast with scales
absent.
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?
number and size range of specimens collected in our
study indicate that the bigscale logperch probably main-
> tains established breeding populations in Arkansas,
rather than occurring only occasionally as waifs from
[upstream populations. It is also very likely that P.macrolepida occurs throughout the lower 47% of the Red
k River in Arkansas not sampled inour study.
Other researchers have generally reported similar
( habitat preferences for bigscale logperch to those indicat-ed by our data. Jackson (1984) showed that juveniles had(a strong mid-day affinity for littoral areas ofLake Texomahaving relatively deep sand substrates, although night col-
I lections (between 2000 and 0600 hours) showed juvenilesoccurring over a greater variety of substrate. Areas with(thin sand cover or no sand had fewer young. Adults didnot reflect this substrate affinity to the same degree and
were often collected from wave-swept locations having
clay substrates with little sand. Moyle (1976) described
the preferred habitat ofP. macrolepida introduced into the
Sacramento-San Joaquin system of California as lakes or
slow moving stretches ofmuddy bottomed, turbid sloughs
of the Delta and lower Sacramento River. In Colorado,
¦t bigscale logperch were found in a lake and in an irriga-
tion canal in slow current over sand-silt substrates
J (Platania, 1990). Stevenson (1971) reported that P.
macrolepida occurred in large numbers in reservoirs in
Texas and avoided the turbulent areas of streams.
However, its habitat in central Texas appears to be more
variable than what we found in the Red River. In streams
of the Edwards Plateau (Colorado and Guadalupe river
systems), it occurs syntopically with P. carbonaria often
over a gravel-rubble substrate in swift (nonturbulent) cur-
rent.? Our data indicate that oxbow lakes associated with
the Red River provide optimum habitat conditions for
bigscale logperch. Only a small fraction of Fifty-one
Cutoff Lake was sampled, and the 208 specimens collect-
ed there indicate that the lake has a large population. It is
not known whether other Red River oxbow lakes have
similar populations, but on topographic maps there are
73 oxbow lakes along the Red River in Arkansas. Most of
those lakes are located no farther than 1.6 km from the
main channel of the river, and none is more than 3.2 km
away. Forty-five of the lakes are within the river levees or
are located along sections of the river having no levees
and they are probably inundated by the river in most
years. Alloxbow lakes associated with the river are inun-
dated by unusual flood events such as the one that
occurred in 1990. Therefore, it is possible that a substan-
tial number of oxbow lakes along the Red River in(Arkansas have large populations of P. macrolepida. Eventhough the main channel of the river does not provide
optimum habitat for P. macrolepida, it almost certainly
serves as a vital dispersal route for that species.
>
Habitat requirements may exclude syntopy of the
bigscale logperch with P. caprodes in Arkansas, although
the two species are syntopic in some Lake Texoma
drainages in Oklahoma. Percina caprodes does occur
(sometimes in large numbers) inpractically all large reser-
voirs in Arkansas. In those reservoirs, it is almost always
associated with at least some gravel or rocky substrate
and usually clear or only moderately turbid water. Even
though P. caprodes is relatively more tolerant of environ-
mental variations and disturbances than most darters, it
avoids high turbidity and silty substrates and is probably
not able to survive in the Red River habitats preferred by
P. macrolepida.
It is possible that the two species may occur syntopi-
cally in the Little River of Arkansas. Percina caprodes
inhabits the headwaters of that river above Millwood
Reservoir, and we found P. macrolepida downstream from
that reservoir near the mouth of Little River. Tumlison et
al. (1992) reported collecting specimens of P. caprodes
from the Little River immediately below MillwoodDam
in LittleRiver Co. in February 1991. We have examined
the two specimens (HSU-1229) from that collection and
reidentified them as P. macrolepida. Another logperch
specimen (HSU-26) was taken on 21 April 1991 from
Beard's Lake in Hempstead Co., about 1.6 km east of
where the HSU- 1229 P. macrolepida were found. We identi-
fied the HSU-26 logperch as P. c. caprodes, demonstrating
the close proximity (ifnot syntopy) of these two species of
logperch in Little River drainages. Lake Millwood is
another possible area for syntopy.
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Abstract
At collider energies of 200A-GeV, tracking ofcharged particle pairs originating from neutrals is dominated by singly-
strange KJ.' decays. Counting the number of secondary vertex pairs is a method of measuring the strangeness production.
The VTX is a four-layer micro-strip gas time projection chamber being designed for use with the STAR instrument in an
experiment using the Relativistic Heavy Ion Collider under construction at Brookhaven National Laboratory. Simulated
pixel data generated from CERN's Monte Carlo detector-modeling program Geant were put into tables using the TAS
sorting structures available from the STAR Collaboration. The response of VTX was mapped for charged pion pairs
emerging from each secondary vertex resulting from the decay of a neutral kaon. Grouping each set of two charged pions
ofopposite sign which originate from a vertex distinct from the collider vertex is the method being presented for measur-
ing strangeness production. This method has three steps: (1) removing all charged particles originating directly from the
collider vertex using established methods, (2) identifying which <4 residual pixel tracks in the 4 micro-strip TPC planes
belong to which particular individual pion, and (3) grouping these secondary pions into the appropriate pairs. Research
presented will concentrate on steps (2) and (3) in identifying each KJ.' in order to measure strangeness production.
Backgrounds were generated as part of the simulation process, and to help in the elimination ofbackgrounds, rough-set
analysis was used to fine tune algorithm parameters using exemplars which are available from simulation data in TAS
Tables.
Introduction
The Relativistic Heavy Ion Collider (RHIC) is under
construction at Brookhaven National Laboratory. RHIC
willaccelerate pairs ofgold nuclei to a kinetic energy of
2()()A-GeV which gives each gold nucleus in a colliding
pair over 100 times its rest mass energy. The Standard
Model predicts pairs of colliding gold nuclei will form a
Quark-Gluon-Plasma (QGP), a state in which quarks and
gluons are deconfined. The emergence of a large amount
of strange matter is one signature of a QGP (Schukraft,
1993; Harris and Miiller, 1996). Strange quark produc-
tion is found by detecting kaons and lambda particles
which contain strange quarks, kaons being much more
abundant in the aftermath of each central collision.
Detection of QGP by examining its decay products
using the Solenoidal Tracker (STAR) Detector at RHIC is
discussed by Byrd, et al. (1995). They emphasize one of
six sub-detectors: the Vertex Tracker (VTX) which is a
small, low-mass, high-resolution, vertex time projection
chamber with a micro-strip read-out. A VTX is designed
to track at smaller polar angles with more space-point pix-
els per track while putting less material in the path of sec-
ondaries (Angellini et al., 1990), as compared with a sili-
con system in this region.
A rough-set based algorithm for grouping particle tra-
jectory data in the VTX has been described, with
emphases on tracking charged secondaries (Clark et al.,
1995). This algorithm used artificially intelligent decision
making techniques, kinematics and vector analysis to
resolve and separate charged particle trajectories in the
VTX.Grouping charged pion secondaries from KJ.' decays
is the focus of the present work since counting the num-
ber ofKJ.' decays willbe used to measure strangeness pro-
duction.
Simulation data used to develop the delayed grouper
were obtained using Monte Carlo simulations run on
Geant (Geant, 1994), the CERN detector modeling code,
and made available to the STAR Collaboration in a con-
venient form called TAS, a general purpose analysis pro-
gram for event-based data processing (Olson, 1993).
These simulation data were generated for the VTXin the
presence of a momentum-defining external magnetic
field; however, for grouping purposes this external mag-
netic field may be ignored. TAS consists of modules con-
taining tracking software and information about the
detector geometry. Processing is a sequence of steps from
raw data into physics summary data using data structures
called TAS Tables. Tables are 2-D objects with columns
and rows which record data at any stage of event process-
ing.
Grouping of the delayed emission of charged pion
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pairs from K"decays has three parts: (1) removing
charged particles originating directly from the collider
vertex using established methods (Prindle, 1993), (2)
identifying which of <4 residual pixel tracks in the 4
micro-strip TPC planes belong to any particular individ-
ual pion, i.e., which hits in the multiple pad planes
belong to particular charged-pion track, and (3) grouping
these secondary pions into appropriate pairs consistent
with charged pions emerging from K" decay. These
delayed-grouping decision processes have been imple-
mented in a rough-set-based decision module where
rough set theory provides a method for the automated
generation of a compact rule base from a set of exem-
plars which is subsequently optimized using the develop-
mental data set (Clark et al., 1995).
Materials and Methods
The VTX design consists of a 20-cm long cylindrical
gas-filled drift volume with an electric fieldin the center
parallel to the magnetic field of the detector solenoid
(Angelini et al., 1990; Wieman and Gong, 1994; Wieman
et al., 1995). The read-out endplate is silicon substrate
with thin metal anode and cathode strips. When a charge
particle passes through the detector it ionizes the gas.
These ionization electrons drift up towards the 4 pad-
rows on each end of the VTX,and their signals are chan-
neled into the data acquisition system. Each pixel's z-coor-
dinate measurement is provided by a timing measure-
ment, with r and phi coordinates provided by an array of
crossing strips on the micro-strip endplates. This
approach allows tracking at small polar angles with up to
four space-point measurements per track.
Pixels from different vertex tracker planes associated
with individual charged particles promptly emerging
from the (primary) collider vertex are not interesting in
this study as they do not come from secondary vertices.
Prompt charged particles emerge from the collider vertex
at constant (6,<|)) in spherical coordinates. Figure 1 shows
the geometry of a VTX with four pad planes for use in a
high track density environment (Angelini et al., 1992;
Weiman et al., 1995). Most of the pixel activity in a vertex
tracker willcome from prompt charged particles and a
conventional prompt particle grouper will be used to
remove them. Removing them dramatically reduces the
effort needed in subsequently grouping the charged parti-
cles from secondary vertices.
Figure 1 shows four sets of (x,y,z) pixels associated
with each prompt charged particle. Each of these four
data points form a similar triangle which is the founda-
tion for the established method forgrouping charged par-
ticles (Prindle, 1993). For purposes of grouping the sec-
Fig. 1. A Schematic ofhalf a Vertex Tracker with readout
pads at one end of four concentric cylinders.
ondary particles, the small geometry of the VTX results
in each charged particle having a negligible path curva-
ture in the momentum-defining external magnetic field
(STAR, 1992). The prompt charged-particle grouper iden-
tifies pixels from the four different tracker planes caused
by the same charged particle by associating those four
pixels with nearly equal values of (0,())). Before beginning
to look for secondary vertices, allpixels from prompt
charged particle emission are removed by application of
the prompt grouping technique.
Identifying each individual pion from events in adja-
cent pad planes. Before beginning the reconstruction
of a KJ.' vertex one needs to identify which pixel set in
adjacent pad planes belongs to which individual charged
pion. Identifying an individual charged pion track from a
determination of the colinearity of hits for each set of
pixel groups in adjacent VTX pads must be carried out
without apriori knowledge of the location of the charged
pion's point of origin, i.e., the secondary vertex. This
point oforigin (the secondary vertex) occurs at whatever
point the Ki? happens to be when it decays, which is a
place distinct from collider vertex. A cross-product colin-
earity test is possible since the point of origin of each
individual pion is distinct from the collider vertex. (If
individual pions came directly from the collider origin
terms liker2 x r|,r,x r,and r,xr;iwould all give zero.)
The KJ.} vertex must occur at a position before the sec-
ond pad plane for the following individual (delayed) pion
grouping scheme to succeed. The idea for grouping an
individualcharged pion is to attempt to associate a pixel
Proceedings Arkansas Academy of Science, Vol.50, 1996
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in pad 4 with a second pixel in pad 3 and a third pixel in
pad 2 using two different sets of colinearity tests. The
first test is between r,- r:,and r:( - r2; the second test is
between r,xr,and r,xr,. Success willgroup three pixels
in pads 4, 3, 2. Ifsuccessful, this set of two colinearity
tests is repeated. The Kj.' vertex must occur at a position
before the firstpad plane for the following pion grouping
scheme to succeed. Now the first test is between r., -r2 and
r,
-r,; the second test is between r.(xrL,and r,xr,.
Figure 2 shows the aggregation of results from a
number of these two different colinearity tests for group-
ing pixels with a particular individual charged pion from
one side of a Kj.' decay. Figure 2 (a.) uses difference angles
between two normalized difference-vectors connecting
pixels in adjacent pad planes, e.g., r4 -r3 and r:i - r.,; and
Figure 2 (b.) uses difference angles between normalized
cross products connecting pixels in adjacent pad planes,
e.g., r,xr:(and r;!xrL). These two methods use two differ-
ent measures of the angular dispersion between vectors
connecting pixels in adjacent pad planes. Ineach method
an angular dispersion value is calculated and used as the
figure of merit in associating pad row pixel data with an
individual pion passing through the VTX. Geometry for
each pion from Kj.'decay is shown inFigure 3.
Once all the individual charged-pion tracks are deter-
mined, most of the pixel groups in the VTXpads should
have been assigned apart from known backgrounds. The
next step is to associate pairs of charged pions as coming
from a common secondary vertex (which occurs at what
ever point the Kj.'happens to be when it decays). There
are many charged pion tracks, but at most only two are
related to the same KJ.' decay, and the correct pair must
be determined from the know physics of the decay
process: KJ?
—
? n
++n.
Results and Discussion
Two different ideas were used to test whether a pair
of individual pions come from the same Kj.' —* n+ + K~
decay, and these ideas willbe developed below. Figure 3
shows the geometry of a Kj? decay described in terms of
each pixel-coordinate position vector in each pad plane
for both charged pions, using the collider vertex as the
common coordinate origin. Apart from small distortions
due to the solenoidal magnetic field, these two pions
emerge from a common point, the decay vertex, with
these pion pairs forming a plane containing both the
decay vertex and the collider vertex. The direction of the
original Kj.' is given by a unit vector pointing directly away
from the collider vertex and pointing in the direction of
decay vertex at position (x,y, /.).
Opening angles between pion pairs were calculated
using TAS data from Geant with the solenoidal magnetic
field turned on, and realistic pixel data files were generat-
ed for pion pair emission from Kj.' decay. TAS data files
are used to provide coordinates in a format consistent
with pixel data from the VTX detector. These data were
used to generate the histogram of pion opening angles
from Kj.'decays inFigure 4.
Fig. 3. Reconstruction of a Kj.' vertex from its charged
pion decays.
Fig. 2. Two methods of individual pion track identifica-
tionin adjacent VTXpads.
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On the average the smaller Tt1opening angles shown
in Figure 4 correspond to larger values of linear momen-
tum for the decaying Kg. The general features of this dis-
tribution of opening angles may be used to narrow the
search space for finding conjugate pion pairs from the
group of individually-identified pions. This narrowing
can improve the computational efficiency of the algo-
rithm for grouping delayed pions.
Grouping pion pairs from individual Kg decays using
Method 1.— The position vector for each emerging pion
may be described in (xk,yk, zk) rectangular coordinates in
terms of each pixel coordinate point in each VTXpad
plane for the collider vertex at (0,0,0). Ifa pion comes
directly from the collider vertex then its (xk,yk, zk)pixel
coordinates all fall along the same line, and they cannot
form a plane with the collider vertex. However, the direc-
tion of each pion emerging from a secondary Kg decay
vertex will form a plane with the collider vertex, and if
two pions come from the same Kg decay then they must
be in the same plane with each other and with the collid-
er vertex. Figure 5 is a histogram of the number of pion
pairs versus the coplanar angle between them in degrees.
Figure 5 gives a histogram of a figure ofmerit (coplanar
angle) in the test for coplanarity between any two candi-
date pion pairs, formulated as a single number, by recast-
ing the coplanarity test as a colinearity test between the
vector cross-products of candidate pion pairs.
Fig. 5. Histogram ofcoplanar angles between pion pairs,
each from a Kg decay.
Grouping pion pairs from individualK° decays using
Method 2.
—
Two separate sets of (x, y, z) values for the
coordinates describing each Kgdecay vertex may be calcu-
lated using the position vectors of the emerging pions to
provide the basis for a consistency test. Figure 3 shows
two (cross product) vector equations (six scalar equa-
tions) providing two separate sets of (x, y, z) values for
the same (x, y, z) coordinate describing a particular Kg
decay vertex. Although no one set ofcross-product vector
equations can provide a unique (x, y, z) position for the
vertex, a mix between these two sets of scalar equations
willallow two (x, y, z) positions to be calculated for the
same Kg decay vertex (Braithwaite and Braithwaite, 1995).
Thus, an alternate grouper approach for associating a
candidate pion pair withKg decay uses a consistency test:
the distance between the two calculated (x, y, z) sec-
ondary vertex points. This distance is used as a figure of
merit in deciding whether to group any two individual
candidate pion tracks as originating from the same Kg
decay. The histogram in Figure 6 shows most of the pion
pairs from K^ decay are consistent with a small distance
between the two independent calculations of the same
decay vertex (x, y, z), despite small magnetic field distor-
tions.
¦L Histogram: Difference in calculated
position of each secondary Ks vertex
reconstructed from itsn*+Jt* decay
5 \" M (¦ ¦ background
oDistance between two calculated vertex positions forsame K,(mm)
Fig. 6. Two (x, y, z) secondary vertex positions are calcu
lated foreach K^ decay.
The two methods described above promise to con-
tribute a qualitative but accurate grouping of candidate
pion pairs as arising from a K^ decay and provide its
'first-pass' momentum direction vector from its pion
decay pairs: from (0,0,0) to the average (x, y, z) decay
point.
Two different methods have been presented fors
grouping individual pions with particular choices of pix-
els and two different methods have been presented for
grouping pion pairs arising from a single K^} decay. As
shown in Figure 4, additional information such as the
probability of events versus opening angles was obtained
from the Monte Carlo simulations. Since a number of
choices were possible in the classification schemes, an
optimal choice using existing information should reduce
the adverse effects from backgrounds, so rough-sets theo-
ry was employed in constructing rule-based grouping
algorithms. Rough sets optimize decision rules by examin-
ing reference decision processes, and like artificialneural
networks, rough sets provide a completely data-driven
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technique which may be used with inconsistent data
(Pawlak, 1982). The group/no group decision was includ-
ed for each candidate group and was set to one for com-
plete tracks and zero for background tracks. Rough set
software can then generate a set of if-then rules which
approximate the function of the reference decision
process (Clark et al., 1995).
The validation set consisted of more of this same
type of data with the decision attribute omitted but avail-
able elsewhere for validation of the model. The develop-
mental data set contained 138 candidate pairs; the valida-
tion set contained 98. The individual pion grouper cor-
rectly classified candidate tracks in 97% of the cases in
the validation sample using six rules. The pion-pair
grouper correctly classified 91% of candidate pairs in its
validation set using sixteen rules.
Effects of rough set rule generation parameters were
investigated using the pion pair data sets. Figure 7 shows
how rule complexity depends on the size of the rough-
ness parameter. Roughness may vary between zero and
one with a large value resulting ina small number ofvery
general rules, but when roughness is small many more-
local rules result. Figure 7 shows roughness had only a
small impact on the classification efficiency for this data.
However, iflarger backgrounds occur in the data acquisi-
tion than in these simulations, optimizing using rough
sets may be more helpful.
100
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Roughness Parameter
Fig. 7. Effect of the roughness parameter on rule-base
generation forpion pairs.
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Abstract
The objectives of this study were to survey the diversity of the aquatic macroinvertebrates of the White River National
Wildlife Refuge (WRNWR) and determine relative abundances and distributional and seasonal patterns. No comprehen-
sive investigation of WRNWR aquatic macroinvertebrates had been conducted previously. Thirty sampling stations were
established within WRNWR. Each station was sampled twice, providing 60 total samples, for 1.5 man hours witha Turtox
Indestructible™ dip net. Three black light trap samples were taken to augment the species list. A total of 15,056 individu-
ials representing 219 taxa was taken by dip net samples during the sampling period October 1989-September 1990. Insectscomprised 76% of the organisms captured withColeoptera being the dominant group. The most abundant organism forWRNWR was Hydroporus vitlalipennis. Black light samples and literature records each revealed 21 additional taxa bringingthe total taxa currently known from WRNWR to 261. Each of the 30 stations was assigned to one of four associations,which were defined by continuity of determined internal and external factors. The Climax-Isolation Association possessedthe most stable and complex community structures; isolation by levees and natural boundaries and scarcity of humanintervention probably accounted for this. The Congruent Lentic Association embraced communal structures ofgood qual-ity but possessed factors limiting diversity. The Agriculturally Inflicted-White River Tributary Association supported rela-
Itively simple aquatic macroinvertebrate communities. Finally, the Restricted Association consisted of two stations contain-ingsignificant limiting factors resulting in concomitantly depauperate aquatic macroinvertebrate communities.
?
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Introduction
?
The White River National Wildlife Refuge
r (WRNWR), located in the floodplain of the lower White-River approximately 8 km above its confluence with the
4 Mississippi River, is the largest refuge in Arkansas (USDA
Forest Service, undated). It covers 45,750 ha of land and
Iis traversed by 95.5 km of the White River itself.WRNWR was established on 4 September 1935, primarily¦ as a sanctuary for migratory waterfowl (Earngy, 1987).The majority of the refuge is concentrated in the eastern
i portion of Arkansas County, but extends into three
I
adjoining counties (Fig. 1). WRNWR ranges from 4.4 to
14.7 km in width while its length extends approximately
48 km. It contains many km of streams, bayous and
sloughs in addition to its 165 natural lakes. Mean annual
rainfall on WRNWR is 128.30 cm with approximately
75% of the total rainfall occurring between the months of
January and July. The mean annual temperature is 16.4°C
(U.S. Department of Commerce National Oceanic and
Atmospheric Administration, 1989 & 1990). The water-
shed of WRNWR is extremely flat bottomland of the
Mississippi Alluvial Plain. Agriculture dominates the
watershed outside of WRNWR boundaries while thriteen
different forest types, containing 31 major tree species,
dominate within its boundaries (USDA Forest Service,
undated; Arkansas Department of Pollution Control and
Ecology, 1975). Due to its proximity to the White and
Mississippi Rivers, the refuge is subjected to flooding sev-
eral months of the year. Flooding occurs, on average, in
late winter and in spring lasting about two months (USDA
Forest Service, undated).
WRNWR is best noted for its large number of over-
wintering waterfowl. Waterfowl start arriving in early fall
and reach peak populations usually in late December.
The majority of the ducks present on WRNWR are mal-
lards. Peak waterfowl populations range from 150 to 350
thousand ducks (average around 225 thousand) and
approximately 10 thousand Canada geese (USDA Forest
Service, undated).
Agriculture is Arkansas' leading industry. The
Mississippi Delta is the physiographic province that has
been most intensely cultivated because of its rich alluvial
deposits and flat topography. One result of agricultural
activities here is that the native flora and fauna have been
dramatically reduced in numbers and diversity, primarily
through soil perturbation and subsequent degradation of
soil, air and water quality. As a relatively undisturbed
environment, WRNWR may still support invertebrate
communities similar to those of the natural environment
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of the past.
The purposes of this study were to survey the diversi-
ty of the aquatic macroinvertebrates of WRNWR and
determine their relative abundances and distributional
and seasonal patterns. Recently Gordon et al. (1995)
reported 54 species of aquatic Mollusca from WRNWR.
Two other works (Kraemer and Gordon, 1981; Bates and
Dennis, 1983) focused on aquatic Mollusca of the White
River which included material from WRNWR.
Comprehensive investigations of additional aquatic
macroinvertebrate communities were lacking.
Methods and Materials
Thirty sampling stations were established within the
boundaries of WRNWR (Fig. 1). Collections were initially
made at a rate of five stations per month. Due to exten-
sive flooding, only the first five sampling trips followed
this pattern (October 1989-February 1990). The timing of
all remaining sampling trips was dictated by site accessi-
bility.Revisit collections were taken fromJune-September
1990, resulting in a total of 60 collections (two from each
sample site). Each collection at each station was for 1.5
man hours with a Turtox Indestructible ™dip net with a
mesh size of 1 mm-. Specimens were preserved in 70%
ethanol. Freshwater bivalve relics were collected by hand.
The aquatic macroinvertebrates were identified in the
laboratory, catalogued and placed in the Aquatic
Macroinvertebrate Collection of the Arkansas State
University Museum of Zoology (ASUMZ) as voucher spec-
imens.
Three black light samples were taken to augment the
species list. Samples were taken adjacent to sites 5, 11 and
30' (Fig. 1). The duration of these samples was one hour,
starting approximately 15 minutes before dark and lasting
45 minutes after dark. Specimens were preserved in 70%
ethanol. Specimens were sorted in the laboratory, and
most were shipped to systematics specialists for identifica-
tion.
General, and some specific, aquatic macroinverte-
brate identifications were made using keys by Holsinger
(1976), Pennak (1978, 1989), Brigham et al. (1982), and
Merritt and Cummins (1984). Other specific determina-
tions were made using keys by Hungerford (1933, 1948),
Drake and Chapman (1953), Truxal (1953), Young (1954,
1956), Wilson (1958), Froeschner (1962), Wood (1962),
Zimmerman (1970), McCafferty (1975), Tarter et al.
(1976), Gundersen (1978), Brigham (1979), Kittle(1980),
Poulton and Stewart (1991) and Spangler (undated).
Shannon-Wiener Diversity (H'), Simpson Diversity,
Simpson Dominance, H'max and Evenness values were
calculated at base 2 logarithm using the AQUATIC
ECOLOGY-PC program of Oakleaf Systems, Decorah,
IA.Simpson Diversity and Simpson Dominance tend to
be influenced by sample size. Conversely, H' is relatively
independent of sample size (Poole, 1974). Due to this, H'
is used as the representative parameter. H' represents the
absolute diversity and is equated with the average degree
ofuncertainty ofpredicting the species of a given individ-
ual selected at random from a population (Schemnitz,
1980).
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To characterize aquatic macroinvertebrate communi-
ties, the mean values for the numbers of taxa, numbers of
individuals and diversity indices for the sample sites were
analyzed to discern similarities. Where similarities exist-
ed, stations were clustered together. Associations were cir-
cumscribed from these clusters utilizing similarities
among internal and external factors. Internal parameters
included site location, habitat type, substrate, water level
and current. External parameters included natural and
Emade barriers (e.g. levees, forests), pollutants andshed soils and vegetations.Results
A total of 15,056 individuals representing 219 taxa
was collected by dip net samples from WRNWR during
13 October 1989 through 30 September 1990. Insects
comprised 76% of the organisms captured. Insecta orders
represented include Coleoptera (61%), Hemiptera (18%),
Odonata (8%), Diptera (6%), Megaloptera (4%),
Ephemeroptera (2%), Trichoptera (2%), Collembola and
Plecoptera (<1%). Of the non-insect fauna 6% of the indi-
viduals were decapod crustaceans, 6% were amphipods,
5% were molluscs and 5% were isopods. The following
taxa each comprised less than one percent of the total:
Bryozoa, Hydracarina, Mysidacea, Nematoda and
Table 1. Aquatic macroinvertebrates expressed as number col-
lected per association. C-I, climax isolation association; AI-
WRT, agriculturally inflicted-White River tributary association;
C-L, congruent lentic association; RA, restricted association and
TSA, totals for the study area.
Taxa CJ AI-WRT C-L RA TSA
NEMATODA 1 4 2 7
BRYOZOA
Phylactolaemata
Pectinatella magnified Leidy C> • 7 ¦ 13
NEMATOMORPHA
Gordioidea
Gordioidea 1 • • • 1
Pavugprdius sp. • 1 1 ¦ 2
GASTROPODA
Pulmonata
FerrissiaJragilis(Tryon) 0 2 ¦ 8
F. rivularis (Say) 15 1 5 ¦ 21
Fossaria obrussa (Say) ¦ 1 1
Gyraulus parvus (Say) 1 • • • 1
Laevapexfuscus (Adams) 4 ¦ • • 4
Micromenetus dilatatus (Gould) 2 2 • • 4
Physella gyrina (Say) 7 1 3-11
P. heterostropha (Say) 88 30 51 • 169
PlanorbeUa trwolvis (Say) 20 8 10 38
Prosobranchia
Campeloma crassulum Rafinesque 5 23 4 5 37
Cincinnatia cincinnatiensis
(Anthony) 109 • ' • 109
Pleuroceni canaliculatum (Say) 24 13 1 5 43
Valvata bicarinata Lea 1 ¦ • ¦ 1
V. tricarinata (Say) 1 ' • • 1
Viviparusintertextus (Say) 8 5 2 ¦ 15
K subpurpureus (Say) 14 l(i 39 ¦ 69
BIVALVIA
Heterodonta
Corbiculafluminea Muller 95 95 28 6 224
Sphaeriidae 3 23 3 • 29
Musculium transversum (Say) 9 10 8 2 29
M. securis (Prime) 2 2 1*5
Unionoidea
Unionidae 1 ¦ 1
Amblema plicata (Say) ¦ ¦ ©
Lampsilis tens (Rafinesque) ¦ © ...
Leptodeafmgilis (Rafinesque) 1 © 10 ¦ 11
Ligumia subrostrate (Say) © 112
Obliquaria reflexa Rafinesque ¦ © ...
Plectomerus dombeyanus
(Valenciennes) 1 1
Polo milus purpuratus (Lamarck) ¦ ¦ © • •
Pyganodon grandis (Say) © ¦ ...
Quadrula nodulata (Rafinesque) ¦ 1 1
Q. pustulosa (Lea) . . © . .
Q. quadrula (Rafinesque) ¦ ¦ © • •
Toxolasma parvus (Barnes) 1 ¦ 5 (>
T. texasensis (Lea) ¦ ¦ 1*1
Tritogonia verrucosa (Rafinesque) ¦ • 1 • 1
OLIGOCHAETA
Oligochaeta 9 15 22 2 48
HIRUDINEA
Pharyngobdellida
Erpobdellidae (immature) 4 • 4
Erpobdella pin/data (Leidy) • 1 3*4
Mooreobdella microstoma (Moore) 3 4 4 -11
Rhynchobdellida
Glossiphoniidae (immature) • 1 • 1
DesserobdeUa phalera (Graf) 1 3 4
Helobdella sp. (immature) ¦ 8 1*9
Helobdellajusca Castle 2 • 2
£/. stagnalis (Linnaeus) 5 2 25 1 33
H. triserialis (Blanchard) 4 4 1-9
Placobdella montifera Moore 1 • 3 ¦ 4
/'. papillifera (Verrill) • 3 • • 3
I',parasitica (Say) 1 • • • 1
CRUSTACEA
Mysidacea
Taphromysis louisianae Banner • II • -11
[sopoda
Caecidotea sp. ir>.r> 141 264 1 56]
Lirceus sp. 15 34 73 1 123
Amphipoda
Crangonyx sp. 221 250 160 1 632
SynureUa bifurca (Hay) 3 • • 3
Ctummnrtts sp. 51 115 52 2 220
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G.fasciatus Say 7 26 13 1 47
Hyalella azteca (Saussure) 5 34 6 3 48
Decapoda
Cambarellus (dirigicainha rus)
shufeldtii (Faxon) 20 3 2 ¦ 25
C (pandicambarus) sp. 3 • 3
('.a wharus (Lacunicambarus)
diogenes Girard 1 1 2
(.'. (/..) ludovicianus Faxon 1 ¦ 1
Fallicambarus (Creaserinus)
fodiens (Cottle) 1 • 1
Orconectes (Biiannulificatus) palmeri
palmeri (Faxon) 1 ¦ 1
O. (tragulicambarus) lancifrr (Hagen) 6 3 1 ¦ 10
Procambaus (Ortmannicus)
acutus acutus (Girard) • 1 1*2
P. (O.) zonangulus Penn 1 • 1*2
A". (Pennides) ouachitae Penn • 14 14
P. (Scapulicatnbarus) clarkii (Girard) 30 5 5 • 40
Palaeomouctes kadiakensis Ralhbun 111 462 281 7 8(>1
ARACHNOIDEA
Hydracarina 4 4 -19
INSECTA
Collembola
Isotoma sp. • 4 -37
Isotomurus sp. ¦ 1 1
Ephemeroptera
Ephemeroptera (adult) 1 1
Bai'lis longipalpus 2 • 2
Callibaetis fluctuant (Walsh) • 6 1-7
Brachycercus sp. • • -11
Ca«nw sp. 70 34 68 2 174
Ephemerella sp. 1 ¦ • • 1
Hexagenia limbata (Serville) 3 40 • 1 44
Stenacron interpunctatum Say 1 ¦ 1 • 2
Stenonema exiguum Traver 6 ¦ 6
iS. femoratum (Say) ¦ 1 • • 1
Tortopus primus (McDunnough) ¦ . 1 • • 1
Odonata
Zygoptera
Lestes inaequalis Walsh • 2 2
Argia sp. 4 22 1 27
EnaUagma sp. 23 31 22 6 82
Ischnura sp. 65 52 1 ¦ 118
Anisoptera
Gomphus sp. • 1 • • 1
Arigomphus lentulus Needham 52 3 41 • 9(i
A submedianus Williamson 18 ¦ 3 21
Dromogomphus spinosus Selys ¦ ¦ 1 • 1
D. spoliatus Hagen ¦ ¦ 112
Stylurus plagiatus Selys ¦ 7 7
Nasiaeschna pentacantha Rambur 14 14 4 32
Macromia sp. 5 3 22 3 33
Epitheca (Epicordulia) princeps
Hagen 32 3 86 1 122
E. (Tetragoneuria) cynosura (Say) 10 22 40 • 72
Celithemis verna Pritchard ¦ 1 • • 1
Erythemis simplicicollis Say 17 2 ¦ 19
l.ibcllula cyanea Fabricius 1 ¦ 1
/.. incesta I[agen • • 3 3
L. luctuosa Burmeister • 1 • • 1
L.vibruns Fabricius 123 18 21 ¦ 1<>2
Pachydiplax longipennis Burmeister 28 2'.) • • 57
Perithemis tenera Say 35 2 1-58 • 75
Plecoptera
Acroneuria mela (Frison) • 1 1
I[emiptera
Belostoma (nymphs) (i 2 8
B. fluminea Say 4 • • • 4
B. lutarium (Stal) 2 1 2-5
Corixidae (nymphs) 190 C> 57 ¦ 253
Hesperocorixa lucida (Abbott) • 2 2
H. nitida (Fieber) 3 1 4
Palmacorixa buenoi (Abbott) 394 24 130 ¦ 548
Sigam sp. ¦ 1 1
Trichocorixa calva Say 311 11 31 1 354
7: karaa Sailer 244 11 148 403
7! sexcinqta (Champion) 1 4 3
Gelastocoris oculatus oculatus
(Fabricius) 3 3 15 6 27
Gerris (nymph) 7 • • • 7
a. argenticollis Parshley 4 1 '5
G. nebularis Drake &Hottes 17 -8
Limnoporus caniculatus (Say) 15 5 25 ¦ 45
Neogerris hesione (Kirkaldy) 2 16 is
Trepobates pictus (Herrich-
Schaeffer) 2 . . . 2
T. subnitidus F.saki • 1 2 • 3
Hebrus consolidus Uhler ¦ 1 • • 1
Merragata brunnea Drake 15 • • ¦ 15
Hydrometra martini Kirkaldy (i 1 2 9
Mesovelia (nymphs) 24 15 • 39
M. mulsanti White 30 5 1 1 37
Pelocoris (nymph) 17 1 -18
P. femom tus (Palisot-Beauvois) 17 • 17
Ranatra (nymph) 2 2 1 • 5
R. a a.si idIis Hungerford 1 3 1 5
R. buenoi Hunger ford 5 12 9 • 26
R. nigra Herrich-Schaeffer 4 • 5 9
Bunion margaritacea Torre-Bueno ¦ 1 1
Notonecta (nymph)
N. irrorata Uhler 4 • • • 4
N. raleighi Torre-Bueno 3 3 ¦ ¦ (>
Neoplea striola Ferber 70 12 • • 82
Microvelia (nymph) 37 ¦ 37
.W. Atnet Drake 4 ¦ 4
Megaloptera
Corydalus cornutus Linnaeus 2(> 1 27
Chauliodes rastricornis Rambur 7 2 9
Stalls sp. 14 21 358 3 396
Trichoptera
Trichoptera (pupae) ¦ • 11
Cheumatopsyche sp. 82 3 • 85
Hydropsyche sp. 57 1 • • 58
Macros ternum sp. 17 • • -17
Potamyia flava (Hagen) 3 2 ¦ 5
Hydroptila sp. 2 • 2
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Leptoceridae (pupae) 1 • • • 1
Nectopsyche • 3 3
Oecetis sp. 1 2 7 • 10
Limeiphilidae(adult) 1 ¦ • • 1
fronoquia sp. 2 ¦ 2
Neureclipsis sp. • 2 2
Ptilostomis sp. 2 • 2
Archips sp. • • 1*1
Coleoptera
Curculionidae 29 3 • ¦ 32
Bidessonolus inconspicuous
(LeConte) 16 4 2 ¦ 22
Celina (larvae) 1 1
Coptotomus (larvae) 4 • • • 4
C. loticus Hilsenhoff 39 4 5 1 49
C. venustus Say 2<>5 202 466 1 934
Desmopachria grana (LeConte) 6 • (>
Dytiscus (larvae) • 7 7
Hydaticus sp. 1 ¦ • • I
Hydroporus (larvae) * 12 ¦ 12
H. clypealis Sharp 713 147 L64 5 1029
H. hybridus Aube' 2C>.r> 272 551 1 1089
//. rujilabris Sharp 4 1 1 • (>
//. signatus Mannerheim 2 2
H. undulatus Say 452 173 26 ¦ 651
H. venustus LeConte 190 27 9 • 226
//. vittatipennis Gemminger &
Harold 801 205 283 1 1293
Hydrovatus pustulatus pustulatus
Melsh. 1 1-2
Laccophilusfasciatusrufiis Melsh. 3 • 3 6
L.proxitnus proximus Say 24 2 4 • 30
Lioporiuspilatei (Fall) 5 16 7 2 30
/.. triangularis Fall 1 ¦ 113
Neobidessus pullus (LeConte) 1 • • ¦ 1
Thermonectus basillaris (Harris) 2 • 3 • 5
Uvarus granarius (Aube) 5 * 5
I'. lucustris (Say) 4 2 3 • 9
Dubiraphia sp. 13 1 29 1 44
Stenelmis sp. 2 5 7
Dineutus (larvae) "3 ¦ 3
D. assimilis (Kirby) 10 25 27 • 62
D. carolinus LeConte 10 12 ¦ 22
I),emarginatus (Say) • 3 • 3
Gyretes compressus LeConte ¦ 40 • 1 41
Gyrinus sp. 47 93 22 1 163
Haliplus sp. 15 7 1 23
Feltodytes dunavani Young 22 30 7 • 59
R sexmaculatus Roberts 163 21 15 1 200
1 [eteroceridae 1 • • • 1
Histeridae ¦ 2 • • 2
Berosus sp. 276 35 22 7 510
Drmllus alias (LeConte) 4 • • • 4
Enocln us consortus Green 1 ¦ • • 1
£ ochraceus (Melsh.) 15 1 • 16
E. perplexus (LeConte) 2 • 2
£. 5ojii(Gundersen) 2 • 1*3
Helochares sp. 13 1 3 -17
Helophorus (larvae) * 2 2
Hydrobiomorpha casta (Say) 1 1 -
Hydrobius sp. 2 I 2 5
Hydrochara sp. I 1
Hydrochus sp. 60 13 13 1 87
Troposternus (larvae) (> • 1 7
T.blatchleyiblatchleyiD'Orcb 27 1 • 28
7' collaris mexicanus LaPorte 5 1 6
7? c. striolatus (LeConte) 66 • 1 ¦ 67
7] lateralis nimbatus (Say) 7 7
Lampyridae 1 . . . 1
Hydrocanthus atripennis Say 7 1 8
Suphis inflatus (LeConte) 3 ¦ " 3
SuphiseUus bkolor tricolor (Say) 11 ¦ 2 13
Oy/>Aon (Larvae) 12 10 8 • 30
Stenus sp. 1 • • I
Thinobius sp. ¦ 1 1
Diptera
Tabanidae (pupae) 1 . . . 1
Chlorotabanus sp. 4 ¦ 4
Tabanus sp. 1 I 2
Culicidae (pupae) 1 1
Culex erraticus 2 ¦ 2
S('i>c(h»i sp. 2 • 2
Prionocera sp. 2 ¦ 2
Tipula sp. ¦ ¦ 7 • 7
Limnoia sp. 1 1
Simulium sp. 5 • 5
Chrysops sp. • • 1-1
Chaoborus sp. • 1 • • 1
Chrionomidae 150 156 217 7 530
Ceratopogonidae 59 2('» 7 • 92
Stratiomyidae (pupae) 1 ¦ • • 1
Odontomyia sp. 1-5 1 4
Stratiomys sp. 2 ¦ 3 5
Total individuals 7,122 3,450 4,384 10015,056
Total taxa 169 133 116 42
© =Relic(s) only
Nematomorpha (Table 1).
The taxa with the greatest number of organisms, list-
ed inorder of decreasing abundance, were Hydroporus vit-
tatipennis (1293), Hydroporus hybridus (1089), Hydroporus
clypealis (1029), Coptotomus venustus (934), Palaemonetes
kadiakensis (861), Hydroporus undulatus (651), Crangpnyx
spp. (632), Caecidotea spp. (561), Palmacorixa buenoi (548),
Berosus spp. (540), Chironomidae spp. (530), Trichocorixa
kanza (403), Sialis spp. (396), Trichocorixa calva (354),
Hydroporus venustus (226), Corbicula fluminea (224) and
Gammarus spp. (220) (Table 1). These 17 taxa represented
only 8% of the total number of taxa collected, yet they
comprised 70% of the total number of organisms found
in this study. Further, the genus Hydroporus represented
29% of the total number of individuals collected while
representing only 3% of the total taxa.
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The three supplemental black light samples revealed
21 additional taxa not taken in dip net samples (Table 2).
Since the decision to use this method was made belatedly,
these samples were all taken during September. Since the
purpose of black light sampling was to augment the
species list, organisms obtained were not utilized in diver-
sity calculations and did not influence placement of sites
within associations or the structure of defined associa-
tions. Although a multitude of organisms were captured,
only those taxa not found by dip netting are reported
Table 2. Taxa taken exclusively from black light (rap samples.
Species
*Enallagma vesperum CalverlCorisella edulis (Champion)
Ramphocorixa accuminata (Uhler)
Buenoa confusa Truxal
li. scimitra Bare
Cheumatopsyche burksi Ross
('.. campyla Ross
(I. pasella Ross
Hydropsyche hideus Ross
H.orris Ross
//. rossi Flint, Voshell &Parker
Macrostemum Carolina Hanks
Orthotrichia aegerfasciella (Chambers)
ComIra maculata (Hanks) *
*
*
*
*
#
Nectopsyche Candida (Ilagen)
Oecetis avara (Hanks)
(). cinerascens (Hagen)
(). dilissa Ross
(). inconspicua (Walker)
(). nocturna Ross
Cyrnellus fraternus (Hanks)
Neureclipsis crepuscularis (Walker)
Copelatus chevrolati renovatus Guignol
Enochrus pygmaeus nebulosus (Say)
Ptiliidae
Scirtes ovalis Hlatchlc-v
Anopheles crucians Wiedemann
A. punctipennis (Say)
>!<=Taxa which represent an augmentation to the species list.
(Table 2).
The mean number of taxa taken per collection dur-
ing this study was 27.3 (range 8 - 48) and the mean num-
ber of individuals taken per collection was 251.6 (range 8
- 626). The mean H' value per station was 3.408 with a
range of 1.020 - 4.840. Severe flooding prevented collec-
tion during the months of March and May 1990. These
collections were subsequently taken during September
1990. As a result, no monthly data or six-month fluctua-
tions of data could be discerned.
Mean number of taxa, number of individuals and cal-
culated diversity values for the sample sites tended
towards sectional clustering throughout the study area
(Chordas, 1992). Four distinct associations were estab-
lished which depicted sectional zonation within
WRNWR.
Discussion
Four associations recognized in this study include the
Climax-Isolation Association, Congruent Lentic
Association, Agriculturally Inflicted-White River Triutaiy
Association and the Restricted Association. No single
association was confined to one area of WRNWR. This
study established four new state records and produced
two second occurrences for recently reported state
records.
Climax-Isolation Association (C-I).—This association
consisted of 10 stations, 1-5 and 26-30, which were located
in the most northern and southeastern portions of
WRNWR (Fig. 1). Stations located in these areas were iso-
lated by natural and or man-made barriers and possess
the greatest wealth of taxa, greatest diversity values and
the largest number of individuals per station (Fig. 2).
Isolation of habitat, by levees, forestation and the White
River itself, allowed climax communities to persist in
these areas. Both portions of this association were accessi-
ble only by a single dirt road. This limited accessibility
decreased potential perturbations resulting from anthro-
pogenic activity. A combination of lentic and lotic sta-
tions made up this association. Clear water, comparable
substrate types, moderate amounts of aquatic vegetation
and relatively stable water levels during the initial and
revisit series typified this association.
In this association, the mean number of taxa per sta-
tion (34.2) was 20% higher than the mean for the study
(27.3) while the mean number of individuals per station
(356.2) was 29% higher than the study mean of 251.6
(Fig. 2). The mean H' value per station (3.666) was 8%
higher than the study mean 3.408. Figure 2 illustrates the
continuity ofparameters in this association. Values for all
parameters are clearly greater than those for other associ-
ations and plainly exceed the study means (Fig. 2). All
four state records that were captured during this study
were taken in this association, and two of the four were
taken exclusively in this association.
Forty-six percent of all molluscs and 63% of the
Mollusca taxa, representing 94% of the Gastropoda but
only 35% of the Pelecypoda taxa, were taken within this
association. Regardless of its size, virtually every aquatic
habitat could contain pelecypods (Harris and Gordon,
1990). Since the basic technique used for collecting pele-
cypods was gathering relics by hand, this group, repre-
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sented by 14 total taxa, was under rep resented as evident
by the 16 additional pelecypod taxa reported from
WRNWR by Gordon et al. (1995). Table 3 lists 21 addi-
tional literature records for aquatic Mollusca taxa known
from WRNWR.
Of the Hiiudinea collected in this study, 22% of the
ndividuals and seven of the nine taxa were collected in
this association. One taxon, Helobdella fusca, a state road,
was collected exclusively in this association (Table 1).
Vlthough this species is newly reported for Arkansas,
Pennak (1989) lists this species as "widely distributed and
common". One specimen of the species Placobdella para-
itica, also only found here, was collected. This species is
onsidered to be a semipermanent parasite and remains
>n its host except during breeding when they leave the
lost briefly for egg deposition (Pennak, 1989).
Six of the 10 taxa and 35% of the Ephemeroptera
ndividuals were collected in this Association. Three taxa
Baetis longipalpus, Ephemerella sp. and Stenonema exiguum)
were exclusively found here. Odonates in this Association
omposed 64% of the taxa and 46% of the number found
n the study. Hemipteran diversity was high in this associ-
ition with 83% of the taxa and 57% of the individuals
aptured in the study being found here. Coleoptera diver-
ity in this association was also high. They composed 88%
of the total taxa and 47% of the total individuals found in
this study. Thirteen taxa were found only in this associa-
tion, one of these, Suphis injlatus, is a new state record.
Trichopteran larvae were numerous in this associa-
tion (Table 1). Twenty-six of the 27 specimens of the dob-
sonfly, Corydalus cornutus, collected in this study were
found in this association. High Diptera diversity occurred
in this association with 79% of the total taxa represented.
Table 8. Literature records ofaquatic Mollusca from WRNWR.
Species
Megalonaias nervosa (Rafinesque)^Anodotita suborbiculata Say*
Obovaria jacksoniana Friereon"Arcidens confragosus (Say)-'
Ellipsaria lineolata (Rafinesque)^ 0. olivaria (Rafinesque)^
Elliptiodilatata (Rafinesque)* Potamilus ohiensis (Rafinesque)*
Fusconaia undata (Barnes)^ Probythinella lacustris (Baker)'t i ll ( r)'
Quadrula cylindrica (Say)"/•'. ebena (Lea)°
Lampsilis cardium Rafinesqsue*' Q. metanevera (Rafinesque)*
/.. hydiana (Lea)" Somatogyrus sp.'. '
Truncilla truncata Rafinesque"/.. siliquoidea (Barnes)'
Lasmigona complanata (Barnes)'' Uniomerus tetralasmus (Say)-'
Ligumia recta (Lamarck.)'
1Kraemer and ( lordon (19N 1)
-'Bales and Dennis (1983)
3Gordonel al. (1995)
Congruent Lentic Association (C-L).—Eight stations
(11-13, 15-16 and 18-20), located through the center of
WRNWR, comprised this association (Fig. 1). The mean
number of taxa and individuals per station as well as the
mean H' value approximated the study means of 27,252
and 3.408, respectively (Fig. 2). These values were consid-
erably lower than the Climax-Isolation Association's val-
ues (Fig. 2). Allstations in this association were lentic,
contained large amounts of leaf litter and/or detritus,
possessed soft substrates and had slightly to moderately
turbid water.
Most groups of organisms in this association were
represented by approximately 50%; of the total taxa and
individuals taken during this study. One exception to this
was the pelecypods. This group was represented by 82%
of the taxa taken in the study. Allthe species taken in this
association are characteristically plastic species capable of
inhabiting a wide array of habitats (Table 1). Upon com-
paring this population to the number of pelecypod taxa
reported from WRNWR by Gordon et al. (1995), the per-
cent represented in this association drops to 45. Thus the
true representation of the pelecypods in this association
is similar to that of other groups with approximately 50%
of the taxa present.
The only megalopteran collected in this association
was Sialis spp. Larval sialids always occur in areas con-
Fig. 2. Mean values for number of individuals, number of
taxa and H" for each association. C-I, climax isolation
association; C-L, congruent lentic association; AI-T, agri-
culturally inflicted-White River tributary association; RA,
restricted association and S-M, study area.
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taining muddy, silty deposits and accumulated debris
(Brigham et al., 1982). This habitat type occurred
throughout the Congruent Lentic Association. The sialids
captured here made up 90% of all sialids and 82% of all
megalopterans captured during the study. This group was
the only group to deviate from the typical 50% represen-
tation characteristic of groups in this association (Table
1).
Ephemeroptera and Trichoptera were poorly repre-
sented in this association. This was due to the absence of
appropriate habitat.
Agriculturally Inflicted-White River Tributary
Association (AIT).—Ten stations (6-8, 14, 17 and 21-25)
made up this association. These stations were located
either on the periphery of WRNWR or along tributaries.
The mean number of taxa per station was 23.4 which was
14% and 32% lower than the means for the study and
Climax-Isolation Association, respectively (Fig. 2). The
mean number of individuals per station (174.2) was 31%
lower than the means of the study, 51% lower than the
mean for the Climax-Isolation Association and 36% lower
than the mean for the Congruent Lentic Association (Fig.
2). The H' value (3.199) was also lower than the means
for the study and allother associations (Fig. 2).
The tributary stations in this association were physi-
cally quite similar. Allcontained steep mudy banks, turbid
water and little or no detritus, debris or vegetation. To
the contrary, the stations located on the periphery of
WRNWR differed greatly in their physical characteristics.
Allperipherally located stations were very easily accessed
by humans and had a preponderance ofagricultural activ-
ity ongoing throughout their watersheds.
The only organisms occurring in large numbers here
were the amphipods, representing 43% of all amphipods
collected and Palaemonetes kadiakensis, which represented
54% of all freshwater shrimp collected. Those organisms
occurring in a moderate abundance were the Hirudinea,
ephemeropterans and isopods, which constituted 29%,
32% and 25% of their respective totals for the study. A
large population ofHexagenia limbata, occurring mostly in
the tributaries, accounted for 86% of the mayflies taken
in this association and 91% of the individuals of this
species taken during this study. The presence of soft
banks in these tributaries accounted for this burrowing
mayfly's abundance. In general, the aquatic macroinver-
tebrate communities of this association had good diversi-
ty but low numerical standing crops (Table 1), indicating
possible instability.
Allof the specimens of Taphromysis louisanae collect-
ed from the WRNWR were taken from two tributaries
within this association. This species is listed as occurring
in roadside ditches in Louisiana and Texas (Pennak,
1989), but Cochran and Harp (1990) reported the first
record of this species from Arkansas.
The only plecopteran specimen obtained dining the
entire study was taken in this association (Table 1). A lim-
ited, shallow rocky substrate area contained this single
specimen. This species, Acroneuria mela, is listed as pre-
sent in the WRNWR region (Poulton and Stewart, 1991).
One factor affecting habitats within this association
was extreme artificial and natural water level fluctua-
tions. These fluctuations, which intermittently profoundly
depleted the aquatic habitat, directly caused instability in
the aquatic macroinvertebrate communities. This phe-
nomenon combined with intense human activities and
intervention into these areas directly hindered the scope
of the aquatic macroinvertebrate communities.
Restricted Association (RA).—This association con-
tains only stations 9 and 10. These were characterized by
supporting the fewest taxa and organisms. The mean
number of taxa and individuals found in this association
was 50% and 90% lower, respectively, than that for
WRNWR (Fig. 2). Figure 2 illustrates the vast difference
in values of certain parameters found in this association
when compared to the three other associations. Both sta-
tions contain factors adversely affecting their ability to
support larger communities of aquatic macroinverte-
brates. The biota at station 9 were limited by frequent
anthropogenic perturbation and possible point source
organic pollution. This station was located immediately
downstream from several houseboats which were thought
to release untreated effluent into the water. The substrate
was composed of soft mud only. The other major limiting
factor, found at station 10, was the presence of a sandy
substrate. A nutrient base ofaquatic vegetation, leaf litter
and detritus was completely absent from both stations.
Most taxa taken in this association were characteristically
generalists that were commonly encountered throughout
WRNWR. The exception to this was the presence of
organisms like Brachycercus sp. which was found exclusive-
ly in this association. Members of this genus occur most
commonly where sandy substrates exist (Brigham et al.,
1982).
Conclusions
Prior to this study, two aquatic macroinvertebrate
studies had been conducted in the bottomlands of the
Mississippi AlluvialPlain. Cochran and Harp (1990)
reported 243 taxa from the St. Francis Sunken Lands in
northeast Arkansas, and Harp and Harp (1980) reported
163 taxa from Wapanocca National Wildlife Refuge.
WRNWR lies south-southwest of these two areas. Some
similarities, including a few habitat types and about 50%
of the taxa, were manifested through the three study
areas. However, due to wide variations ofaquatic habitat,
WRNWR contains community and habitat structures, as
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well as taxa, that were not found in the other two investi-
gations.
Our hypothesis that WRNWR would support inverte-
brate communities similar to those of the past is support-
ed by this study. Four species taken during this study are
newly reported for Arkansas. Two of these four are leech
species, Desserobdella phalera and Helobdella fusca. Both
species were collected in the C-I, while additional D.
phalera occurrences were noted in the AI-T (Table 1).
Three specimens of the species Suphis inflatus, historical-
ly known from the southeastern United States (Spangler
and Folkerts, 1973), were taken from one site within the
C-I (Table 1). Finally, a single larval specimen of the
species Tortopus primus was taken from WRNWR in a dip
net sample from one site in the AI-T(Table 1), and adults
were taken in a black light sample within the C-I (Station
5, Figure 1; Table 1). This species also represents the first
occurrence of the family Polymitarcyidae in Arkansas.
The reported range of the genus Tortopus (Merritt and
Cummins, 1984) suggested that inevitably it would be
taken in Arkansas.
The occurrence of two other organisms in WRNWR
that have recently been reported as new state records fur-
ther indicate the ecological soundness of this refuge.
Eleven specimens of the species Taphromysis louisanae,
first reported from Arkansas by Cochran and Harp
(1990), were collected in the AI-T (Table 1). Gordon et al.
(1995) reported Valvata bicarinata as a new Arkansas
record. This species was found in the C-I in this study.
Summary
A total of 15,056 individuals representing 219 taxa
was taken by dip net sampling from WRNWR. Forty-two
additional taxa were noted from literature records and
black light samples, bringing the total taxa currently
known from WRNWR to 261. The most abundant organ-
ism from WRNWR was Hydroporus viltatipennis, with
1293 individuals.
Aquatic macroinvertebrate communities were
defined by using the mean values for the numbers of
taxa, numbers of individuals and diversity indices for the
sample sites to discern similarities. Where similarities
existed, stations were clustered. Associations were circum-
scribed from these clusters utilizing similarities among
internal and external factors.
The C-I possessed the most complex, and therefore
the most stable, community structures; isolation by levees
and other natural boundaries and the general lack of
anthropogenic perturbations probably accounted for this.
The diversity and large populations of aquatic macroin-
vertebrates taken from this association were indicative of
climax communities.
Lentic stations located through the center of
WRNWR formed the C-L. Number of taxa, individuals
and H' values were all close to their respective mean val-
ues for the study. Aquatic macroinvertebrate communi-
ties of these stations reflected a relatively undisturbed
and healthy lentic ecosystem.
The AI-Tcontained stations which all had agriculture
activity on-going in their watersheds and/or were flowing
tributaries to the White River. While several taxa were
present, populations were exceedingly small. The habitats
in this association were easily accessible by humans and
consequently subject to their activities. The instability of
these communities can be related to the condition and
activities in their watersheds.
Two stations located in areas containing significant
limiting factors formed the RA. Aquatic macroinverte-
brate communities, due to these limiting factors, were
concomitantly depauperate.
Our hypothesis that WRNWR was acting as a
refugium was supported by the diverse aquatic macroin-
vertebrate communities present and exemplified by the
presence of four aquatic macroinvertebrate species new
to the state: Desserobdella phalera, Helobdella fusca, Suphis
inflatus and Tortopus primus. Further supporting this con-
tention was the occurrence of two recently reported state
records in WRNWR: Taphromysis louisanae and Valvata
bicarinata.
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InArkansas With Additional County Records
Douglas A.Elrod, Gary A.Heidt, Mark R. Ingraham and Earl G. Zimmerman
Department of Biological Sciences, University ofNorth Texas
P.O. Box 5218, Denton, TX 76203 (DAE, MRI, EGZ)
and
Department of Biology, University ofArkansas at Little Rock
2801 S. University, Little Rock, AR 72203 (GAH)
Abstract
Recently, a population ofpocket gophers in the north-central portion of Arkansas was determined to be the plains
pocket gopher (Geomys Imrsarius), rather than Baird's pocket gopher (Geomys breviceps). This changed the known range of
both species extensively. A detailed examination of the known range of Baird's pocket gophers (G. breviceps) in Arkansas
resulted in 12 new county records. Biogeographically, G. breviceps appears to be found in all physiographic regions within
the state with the possible exception ofCrowley's ridge. It is most common in the Gulf Coastal Plain and rarest in the
Mississippi Alluvial Plain. The distribution ofG. breviceps is consistent with the hypothesis that glaciation events, together
withnorthward invasions from Louisiana and eastern Texas and eastward invasions from Oklahoma (around the Ouachita
Mountains) were major creational forces in the establishment of the present G. breviceps distribution in Arkansas.
Introduction
Pocket gophers, genus Geomys, are small (173-357
mm) fossorial rodents suitably adapted for a burrowing
existence. The genus possesses: strongly clawed front legs,
tiny eyes, round small ears, and external fur-lined cheek
pouches. Geomys sp. range from southern Manitoba,
Canada across the central United States to Texas and east-
ward to the Mississippi river in the south and into Indiana
in the north. Also, two disjunct species occur: one,
Geomys pineatus in the extreme southeastern United
States, and the other, Geomys tropicalis along the north-
eastern coast ofMexico.
Heaney and Timm (1983), using morphology and
ectoparasite data, tentatively reported only one species of
pocket gopher (Geomys breviceps) inhabiting Arkansas and
expressed the need for more research to be done in this
area. Based on this Sealander and Heidt (1990) reported
G. breviceps to occur in the state exclusively. They report-
ed the distribution of pocket gophers in Arkansas to
include the West Gulf Coastal Plain, the Ouachita
Mountains, and the western and southern portions of the
Ozark mountains.
Recently, Elrod et al. (in press) reported that pocket
gophers in one population in Izard county were actually
the plains pocket gopher (Geomys bursar ins) rather than G.
breviceps as previously thought. The presence ofG. bursar-
ius rather than G. breviceps in this county greatly altered
the geographic distribution of G. breviceps in Arkansas as
depicted by Sealander and Heidt (1990). The purpose of
this study was to investigate the biogeographical distribu-
tions and describe new county records lor G. breviceps in
Arkansas.
Materials and Methods
During vehicle surveys (from March 1995 to April
1996) of 27 counties, pocket gopher mounds (dirt
deposited at the surface, excavated during tunneling)
were observed and pocket gophers were collected using
Victor gopher traps (Woodstream Corp, Lititz,PA). Traps
were checked approximately every two hours to insure tis-
sue quality. Voucher specimens were prepared, and tis-
sues (liver and muscle) were removed and stored at -80 C
for subsequent allozymic analysis. Allspecimens were
deposited in the Vertebrate Museum at the University of
Arkansas at LittleRock.
Taxonomic identification was accomplished following
the horizontal starch gel electrophoresis techniques of
Bohlin and Zimmerman (1982) and Elrod et al. (inpress).
Specifically, the fixed alternate alleles malate dehydroge-
nase (Nadp+)(Mdhp-l, EC 1.1.1.40) and alcohol dehydro-
genase (Adh-1,E.C. 1.1.1.1.) which have been shown to be
diagnostic in Arkansas for G. bursar ins and G. breviceps
were examined (Elrod et al., in press). Also, the species-
specific chewing lice (genus Geomydoecus) of pocket
gophers were evaluated based on morphological criteria
established by Timm and Price (1980).
The recent review of the literature and specimen
records from 22 museums by Sealander and Heidt (1990)
provided the basic data base from which the biogeo-
graphic distributions of Geomys in Arkansas were investi-
gated.
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Results
Of the 27 counties surveyed, no evidence of pocket
gophers were observed (mounds of earth) or collected
from the following counties despite extensive survey:
Arkansas, Conway, Cross, Garland, Montgomery, Lonoke,
Perry, Pope, St. Francis, Stone, Van Buren, White,
Woodruff, and Yell. Pocket gophers colected from the
remaining 13 counties were subjected to allozyme elec-
trophoresis and it was determined that the Mdhp-2 and
Adh-1 loci were consistant with the findings of Elrod et
al. (in press) for Geomys breviceps. The ectoparasite analy-
sis was found to be concordant with the allozyme analysis,
and it was concluded that pocket gophers analyzed in this
study were G. brviceps. Therefore, 13 new county records
are established for G. breviceps in Arkansas. Localities
and samples sizes are as follows:
Ashley County, 5 miles Norh ofCrossett, n=4
Calhoun County, 3.5 miles West ofHampton, n=l;
Cleburne County, Junction ofHwy 25 and
Hwy5, n=5;
Crawford County, 0.5 miles East of the Junction of
Hwy64 and 71, n=5;
Faulkner County, Levee of Arkansas River, 10 miles
West ofLake Conway, n=2;
Hot Spring County, 8 miles Northeast Malvern, n=l;
Lincoln County, 3.1 miles North of Yorktown, n=2
Logan County, 10 miles South of Paris, n=5;
Pike County, 1mile East ofKirby,n=2
Polk County, Grannis, on Hwy 71, n=2
Prairie County, 2 miles South ofHickory Plains, n=l
Scott County, 1mile East of Mansfield, n=4; 0.5 miles
West ofAbbott. n=l
Washington County, Farmington, n=l
Discussion
In light of these new county records, a conservative
range for G. breviceps in Arkansas is presented in Fig. 1.
To date, G. breviceps has been found to occur in four of
the five major physiographic regions (Ozark Mountains,
Ouachita Mountains, West Gulf Coastal Plain, and the
Mississippi AlluvialPlain) within Arkansas. The species
has yet to be collected from Crowley's Ridge.
Of the four physiographic regions G. breviceps occu-
pies, it is most common in the West Gulf Coastal Plain,
where it occurs inall counties. Itis rare in the Mississippi
AlluvialPlain being found only in Prairie County located
Fig. 1. Current conservative distribution of Geomys brevi-
ceps in Arkansas.
in the Grand Prairie subdivision. In the Ozark and
Oauchita Mountains (withthe exception of the Arkansas
River Valley), pocket gophers are fairly uncommon
Pocket gopher populations in these areas appear to exist
primarly in scattered islands of suitable habitat. These
islands are often associated with old creek and river beds
where deposits of sand are located. Also, loamy well-
drained soils where erosion has been minimal on moun-
tain sides and tops appear utilized. Apparently as long as
a corridor for dispersal exists into suitable habitat colo-
nization has occured.
A hiatus in G. breviceps' distribution within Arkansas
occurs in the Ouachita Mountains and runs northeast-
ward to the Arkansas River (Fig. 1). This area apparently
separates G. breviceps into two distinct groupings (western
and south-central). The hiatus between the groupings
has been extensively surveyed for pocket gophers; howev-
er, none has been located to date.
Based on fossil remains, current pocket gopher distri-
butions have been attributed to past glaciation events
(Russell, 1968). These glacials and interglacials allowed
pocket gopher populations to advance and withdraw peri-
odically. It is thought that G. bursarius and G. breviceps
arose from a common ancestor (Russell, 1968; Davis,
1986). Heaney and Timm (1983) suggest that the split
between the G. bursarius and G. breviceps ancestors
occured during the Kansan glaciation with the speciation
of the G. breviceps group occurring at some later time.
Thus, glacial events would have had an impact on the spe-
ciation of G. breviceps and would have had a major influ-
ence on the present day distributions ofG. breviceps.
Inaddition to or as a result ofglacial history, the cur-
rent proposed distribution ofG. breviceps in Arkansas can
best be explained by two colonization events. One inva-
Proceedings Arkansas Academy of Science, Vol.50, 1996
sion must have had a combined source from Louisiana
and east Texas populations. These populations moved
into the Gulf Coastal Plain via northern expansions from
Louisiana and northeastern expansions from East Texas,
and moved upward through suitable habitat into the
)uachita Mountains. Another invasion came from
)klahoma eastward into the Ouachita and Ozark
Mountains (particularly the Arkansas River Valley) of
Arkansas. Based on available information (Russell, 1968),
lese invasions probably occurred after the Wisconsin
rlaciation.
Recent colonization events appear to have occurred
lorth of the Arkansas River in the central portion of the
tate. The route ofcolonization is uncertain even though
t has been surveyed extensively. It should be noted that a
ontact zone between G. breviceps and G. bursarius is being
pproached in the Ozark Mountains. At present, known
Dopulations ofboth species are separated by a distance of
pproximately 50km and a mountain range. Populations
fboth species, are found in close proximity to the White
liver,a potential corridor to dispersal.
Ifin the future, populations are identified from the
rea located along the Arkansas River (linking the two
roups of G. breviceps), genetic investigations willneed to
>e conducted in order to determine relatedness of the
copulations. In addition, because pocket gophers seem
o have colonized suitable habitat which may be isolated,
we feel that more localities willbe discovered which will
likelyalter the proposed distribution presented herein.
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Coolwater Sport Fish inNorfork Reservoir, Arkansas
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Abstract
Sonic and radio transmitters were implanted in 19 fish in Norfork Reservoir (12 walleye and seven striped bass) to
determine the better transmitter type for two coolwater fish species in riverine and deep basin habitats. Radio transmit
ters were equipped with either internal or external antennas and both radio and sonic transmitters had thermistors. Sonic
transmitters proved superior to radio transmitters for locating tagged fish after stratification. Fish implanted with radk
transmitters were not found after July while fish implanted with sonic transmitters were located 87% of the time. Walleyt
remained in the spring-fed riverine portion of the reservoir where water temperatures never exceeded 22 C and dissolvec
oxygen concentrations were greater than nine mg/L; an area not conducive to listen for sonic transmitters because o
high extraneous noise from current velocity and boat traffic. Striped bass were confined to the large basin of the dam
during critical minimal conditions in the summer; an area not favorable to listen for radio transmitters because of watei
depths striped bass tended to occupy and thermal stratification. Heavy angler harvest of implanted fishes resulted in an
exploitation study initiated by the Arkansas Game and Fish Commission and the Missouri Department ofConservation in
1995.
Introduction
Norfork Reservoir is a warm, monomictic 12,424 ha
reservoir in northwest Arkansas that supports a two-story
fishery of warm- and coolwater fishes. Striped bass,
Morone saxatilis, and walleye, Stizostedion vitreum, are two
important coolwater species regularly stocked into
Norfork Reservoir by the Arkansas Game and Fish
Commission and the Missouri Department of
Conservation. Habitat use by anadromous striped bass is
highly seasonal in their native marine, estuarine and
riverine environments; striped bass move to occupy
regions with the most preferred physical conditions of
the water (Moore and Burton, 1975; Dudley et al., 1977).
Schaich and Coutant (1980) found that landlocked striped
bass in Cherokee Reservoir, Tennessee selected summer
"refuges" by water temperature and dissolved oxygen.
Summerfelt and Mosier (1976) studied striped bass pre-
spawning movements during spring, and Combs and
Peltz (1982) followed the seasonal distributions of adults
in Keystone Reservoir, Oklahoma. Tagging studies
(Chadwick, 1967; Clark, 1968; Coutant and Carroll, 1980)
indicated that different populations of striped bass vary
in their annual movement according to biotic and abiotic
microhabitat conditions.
Walleye have been stocked in all large upland reser-
voirs in Arkansas since the late 1960's (Robison and
Buchanan, 1988). Norfork Reservoir was stocked in 1990
with 67,000 fingerling walleye to supplement its natural
spawning population (Oliver, 1994). The only informa-
tion known to fishery biologists about habitat use were
spawning sites. Stocked fingerling walleye split spawning
sites and were spawning at both Tecumseh in Missouri,
the stocking site and at the Norfork dam site in Arkansas.
Walleye tolerate water temperatures of 0-30 °C and oxy-
gen levels of 2-3 mg/L but prefer temperatures of 20-
23°C and oxygen levels of 5-6 mg/L. Walleye demon-
strate horizontal and vertical migration in both natural
and artificial lakes, moving seasonally from pelagic to
shallow areas to spawn, and moving diurnally into deep
pools to avoid strong light.
Telemetry has provided researchers sophisticated
methods to monitor locations of free-ranging aquatic ani-
mals (Winter, 1983). Underwater biotelemetry involves
attaching a device to an aquatic organism so the animal
can be tracked. Information is also transmitted about
environmental conditions surrounding the animal and
insights are provided of the animal's physiological and
behavioral characteristics. Both sonic and radio telemetry
systems are available, and the advantages and disadvan-
tages of each need to be weighed with respect to charac-
teristics of the study area and fish species being tracked.
Ultrasonic telemetry is well suited for studies in salt and
fresh water with high conductivity and deep water
because these habitats cause little reduction in sonic sig-
nal strength. Fish can be located accurately (< 3-4 m) with
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ultrasonic systems from a boat (Winter, 1983).
Ultrasonics are line of sight signals; adversely affected by
macrophytes, algae, water turbulence, and boat and
trolling motors. Koo and Wilson (1972) first applied
sonic transmitters to striped bass by gastric insertion and
tracked them in the Chesapeake Bay and Delaware Canal.
Radio telemetry is well stuied for shallow, low con-
ductivity fresh waters and for turbulent waters. Since
radio receiving antennas do not require contact with
water, radio telemetry is excellent for searching large
areas to find highly mobile species. Radio signals are lit-
e affected by vegetation or algae. The disadvantages of
idio telemetry are that it cannot be used in salt or fresh
ater with high conductivity because signals are reduced
jy increasing depth and conductivity. Ifdepths are less
lan five m and individuals not highly migratory, high
onductivity may not be a problem. However, radio
elemetry does not work well with walleye due to their
lobility when they are found at depths greater than five
1and conductivities greater than 400 uS/cm.
IThe objectives of this study were to identify seasonalbitat use and movement patterns of striped bass andlleye in Norfork Reservoir. In addition, methods and
equipment for tracking walleye and striped bass in
Norfork Reservoir by implanting sonic and radio trans-
mitters were also tested.
Materials and Methods
Nineteen fish were surgically implanted with radio
and sonic transmitters during spring spawning, 1994.
Walleye were obtained by electroshocking and striped
bass were captured in gill nets. Nine radio (internal and
external antenna) and three sonic transmitters were
implanted in 12 walleye; eight were tagged in the Norfolk
River and four at Norfork Dam. The seven striped bass
captured ingillnets were tagged with four radio (internal
and external antenna) and three sonic transmitters
caught in the main reservoir; six near the dam and one
13 km uplake from the dam (Table 1). Each of these fish
was measured (mm; total length, TL), weighed (kg),
anaesthetized, and surgically implanted with a transmit-
ter. Fish were released at the capture sites after implanta-
tion.
Sonic tags (Sonotronics Co., Tucson, Arizona) were
iible 1. Locations of walleye and striped bass inNorfolk Reservoir, Arkansas, 1994, during initial transmitter implantingid locations and dates of angler harvest. REN = radio, external antenna, no thermistor; REY = radio, external antenna,s thermistor; RIN =radio, internal antenna, no thermistor, SIN = sonic, internal, no thermistor; SIY= sonic, internal, yesermistor.
Species Tagging Tagging Location Date
(frequency) location date, 1994 caught caught
Walleye (REN 670) River 16 March
Walleye (REN 685) River 16 March
Walleye (REN 698) River 16 March
Walleye (REN 715) River 16 March River 2 April, 1994
Walleye (REN 745) River 16 March
Walleye (REY 787) River 16 March Midreservoir 6 August, 1994
Walleye (REY 775) Dam 17 March Midreservoir 22 May, 1996
Walleye (RIN 824) River 16 March River 13 May, 1994
Walleye (RIN 847) Dam 17 March Midreservior 3 August, 1994
Walleye (SIN 249) River 16 March River 15 April, 1995
Walleye (SIY 276) River 16 March River 22 June, 1994
Walleye (SIY 294) Dam 17 March Dam 28 April, 1994
Striped bass (REN 728) Dam 29 March Dam 6June, 1994
Striped bass (REN 758) Dam 29 March Dam 7July, 1994
Striped bass (REY 804) Dam 29 March Dam 25 August, 1994
Striped bass (SIN 258) Dam 29 March Dam 30 August, 1994
Striped bass (SIY267) Dam 29 March Dam 15 August, 1994
Striped bass (SIY285) Dam 29 March Dam 25 May, 1994
Striped bass (RIN 818) Midlake 20 April Dam 14 July, 1996
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65 mm long, 18 mm in diameter and had a relative mass
of eight g in water. Transmitter frequencies and pulse
rates were selected to allow individual recognition. Pulse
rates of temperature-indicating transmitters were calibrat-
ed for six of the transmitters in the office prior to field
use by timing the transmitters at different known temper-
atures. Battery lifeof sonic transmitters was 18 months. A
Sonotronics USR-5B receiver was used to locate the
tagged fish. The location of a fish was assumed to be
fixed when the signal from the hydrophone was strongest
immediately below the boat.
Internal antenna radio tags (Advanced Telemetry
Systems, Isanti, Minnesota) were 80 mm long, 10 mm in
diameter and had a relative mass of 18 g in water. Battery
life for radio transmitters was 15 months. External anten-
na radio tags were 43 mm long, 19 mm in diameter and
had a relative mass of 21 gin water. Three of the external
radio transmitters had thermistors. An Advanced
Telemetry Systems receiver was used to locate tagged fish.
Fish were tracked twice a month from April to
November, 1994. Searches were performed by cruising
sections of the reservoir and stopping at short intervals to
listen for signals. Care was taken to listen at various
points around land obstructions since sonic transmitters
were line of sight. The entire reservoir was systematically
searched by stopping approximately every 100 m and lis-
tening with both the hydrophone for fish implanted with
sonic transmitters and then with the scanning receiver for
fish implanted with radio transmitters. Scans for tagged
fish with radio transmitters were for approximately 60
seconds per tag. When a fish with thermistor was located,
temperature was determined by timing the signal with a
stopwatch, then utilizing the calibration chart for that
transmitter to determine temperature from the calibrated
tag implanted in the fish. Depth and dissolved oxygen
concentrations were determined at that depth by lower-
ing a Hydrolab Scout II(Hydrolab Corporation, Austin,
Texas) to the temperature determined from the tag and
calibration chart. Universal Transverse Mercator (UTM)
coordinates were obtained by a Trimble Navigator XL
(Trimble Navigation Company, Tulsa, Oklahoma).
Results
Of the 12 walleye tagged in March, 1994, two were
caught by anglers in April(one less than three weeks after
it was tagged), one in May, one inJune, and two in
August. Allradio and sonic tags returned by anglers were
operating. Of the seven striped bass tagged, one was cap-
tured by anglers inMay, one in June, one in July and
three in August. Thus by June 22, when the majority of
the tracking effort began, the total pool of fish to be
located had been reduced by 32%, including half (n=3) of
the sonic tagged fish.
By early June it was almost impossible to find fish
with radio tags, even though at least 11 were believed to J
stillbe in operation. Eight of the 11 (73%) radio-tagged
fish including both walleye (n=6) and striped bass (n=2) _
were found during the first aerial search in June before
the reservoir stratified. Boat tracking ofradio tagged fish J
continued to be unsuccessful, as did a second flyover in
September, when seven radio tagged fish were thought to J
remain. Allremaining sonic tagged fish were located after
June. >
Fish implanted with radio transmitters were found
14% of the time (excluding flyovers) during the search
periods (Table 2). Transmission range for radio transmit-
ters was 40 m. Eight of the 11 radio-tagged fish (73%) J
were found during the first aerial search in June.
However, none of the fish were located during the second it
flyover in September. No fish implanted with a radio
transmitter was located after July. Fish implanted with L
sonic transmitters were found 50% of the time during
search periods and 87% of the time from April to J
November, when tracking ceased.
Angler harvest was anticipated to be 5-10% of
implanted fishes, but accounted for approximately 90% of
tagged fishes of both species by the end of the study.
Transmitters returned from angler harvest provided addi-
tional habitat use information about walleye. Walleye that
had been tagged in the riverine portion of the reservoir
and those tagged near the dam were both caught mid-
reservoir. Anglers caught striped bass mid-reservoir, in
deep bays adjacent to the dam, and in the deep, pelagic
river channel areas of the reservoir. No striped bass
tagged at the dam were caught in the river.
Searching effort was fairly even throughout the reser-
voir, but the observed distribution of walleye and striped
bass was not. Walleye tended to remain in the spring-fed
riverine portion of the reservoir where water tempera-
tures never exceeded 22 °C and dissolved oxygen concen-
trations were always greater than nine mg/L. Walleye
were frequently found in the vicinity of fish attractors and
at the confluence of inflowing creeks or streams.
Tagged striped bass occupied regions from the dam
to mid-reservoir. They were found in pelagic locations
such as deep river channels along bluffs and deep bays
adjacent to the dam area. Occasionally striped bass were
also situated in association with relatively shallow (less
than 10 m) fish attractors.
Thermistor data indicated that striped bass consis-
tently remained at water temperatures of 21 °C, dissolved
oxygen concentrations of 6-10 mg/L, and depths of 8-12
m.
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Table 2. Percentages oflocated radio and sonic transmitters in walleye and striped bass from NorfolkReservoir, Arkansas,
1994. Angler harvest loss reduced available fish. High numbers of fish located the last week ofJune were due to a flyover
viaprivate aircraft. Allother locations were from a boat.
Week Radio Tags
Located
Radio Tags
Available
%
Success
Sonic Tags
Located
Sonic Tags
Available
%
Success
5/28-6/3 0 11 0% 3 5 60%
6/11-6/17 1 11 9% 2 4 50%
6/25-7/1 8 (flyover) 11 73% 3 4 75%
7/9-7/15 3 10 30% 3 4 75%
7/23-7/29 1 10 10% 3 4 75%
8/6-8/12 0 9 0% 3 3 100%
8/20-8/26 0 6 0% 2 2 100%
9/3-9/9 0 (flyover) 6 0% 1 1 100%
9/17-9/23 0 6 0% 1 1 100%
10/1-10/7 0 6 0% 1 1 100%
10/15-10/21 0 6 0% 1 1 100%
Discussion
Angling depletion of tagged fish was greater than
anticipated, resulting in most tracking being accom-
plished with only six striped bass and eight walleye.
However, both species had both sonic and radio tags.
Inability to locate radio tagged coolwater fish after
the reservoir stratified was at least partially due to the
inability of the signal to transmit through the thermo-
cline. However, some of the radio tagged walleye that
remained in the Norfolk River should have been located
but were not.
Sonic transmitters willbe used for future telemetry
and biotelemetry projects ofhabitat selection and utiliza-
tion by walleye and striped bass because a greater per-
centage fish implanted with sonic transmitters were found
during the search periods. Reception from sonic trans-
mitters were not affected by depth, conductivity, or ther-
mocline and proved more effective for both walleye and
striped bass in the entire reservoir.
Signals from radio transmitters were not detected at
either extreme depths or below the thermocline layer
during the period of stratification. Searches for radio
transmitter signals proved futile even using an aerial
search after stratification of the reservoir occurred. Radio
signals are deflected by metal objects, thermoclines, ter-
restrial vegetation, and terrain (Winter, 1983). Range for
sonic transmitters was about 100 m or more than twice as
far as for radio transmitters.
Harvest by anglers was higher than expected, but
information from tag returns provided valuable data
regarding locations of fish which were caught and indicat-
ed that walleye and striped bass may not be the under uti-
lized resource first believed by Arkansas Game & Fish
Commission. Evaluation of the utilization of fish attrac-
tors by both fish and anglers and exploitation of walleye
by anglers need to be addressed in future studies.
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Abstract
Seventy-one native or re-introduced species of mammals were analyzed with respect to their geographical distribu-
tions and relationships to the four broad physiographical regions of Arkansas. Mammalian diversity in the Ozark
Mountains, Ouachita Mountains/ Arkansas River Valley, Gulf Coastal Plain, and Mississippi AlluvialPlain/Crowley's
Ridge was not area dependent. The majority of mammalian species (44) occurs statewide with the greatest diversity in the
interior highland regions. The Ozark Mountains contain the most species endemic to an area. Thirteen species which are
of questionable status in Arkansas are discussed. The presence of the plains pocket gopher (Geomys bursarius), a second
species of pocket gopher in Arkansas, is noted. New distributional maps for the desert shrew (Notiosorex crawfordi) and
small-footed bat (Myotis leibii)are presented.
Introduction
The state of Arkansas, located on the western edge of
the deciduous forest biome, is an ecologically diverse
area. The more than 83,600 ha located within the politi-
cal boundaries of the state can be divided roughly into
two broad regions. The interior highlands are located
west and north of a line extending diagonally across the
state from southwest to northeast. The lands to the east
and south of this line are collectively called the coastal
plain. The Arkansas River and associated valleys and
flood plains divide the state north and south and extend
from Fort Smith, Sebastian County southeast to Desha
County where the riverempties into the Mississippi River
(Foti 1974: Shepherd, 1984).
Foti (1974) detailed five physiographic regions (Fig.
1). The interior highlands consist of the Ozark and
Ouachita Mountain ranges. The Ozarks were first formed
as a dome-shaped uplift that was eroded and further
uplifted. The current plateaus (Springfield, Salem, and
Boston Mountains) have been eroded by numerous
streams. The entire area is characterized by horizontal
bedrock strata that have drainage patterns radiating in all
directions. The Ouachita Mountains consist of a series of
narrow eastwest ridges separated by narrow valleys with
regular drainage patterns The Ouachitas exhibit extreme
folds and faults with minor uplifting. This region is fur-
ther subdivided into the Arkansas River Valley, Fourche
Mountains, Central Ouachita Mountains, and Athens
Piedmont Plateau. The escarpment separating the interi-
or highlands from the coastal regions is rather abrupt
and often has precipitous slopes.
The lowlands or coastal regions consist of the West
Gulf Coastal Plain, Mississippi Alluvial Plain, and
Crowley's Ridge. The West GulfCoastal Plain is bounded
on the northwest by the Ouachita Mountains. It is charac-
teristically rolling and hilly and is eroded by south and
southeastwardly flowing streams. Soils consist primarily
of well-drained, deep sandy or silty clay loams with recent
alluvium along the waterways. The Mississippi Alluvial
Fig. 1. Major physiographic regions of Arkansas.
Modified from Foti (1974).
Proceedings Arkansas Academy of Science, Vol.50, 1996
<i<)
Gary A.Heidt, Douglas A.Elrod, and V.R. McDaniel
Plain is a fairly level southerly and southeasterly sloping
plain covered with recent alluvium and terrace deposits.
Crowley's Ridge, located on the Mississippi AlluvialPlain,
runs in a general southeasterly and southerly direction.
This ridge is heavily mantled with loess and varies from
0.8-19km in width and has a maximum elevation of 168 m
above sea level.
Sealander and Heidt (1990) described 75 native and
introduced species of mammals in Arkansas. Elrod et al.
(inpress) recently documented the presence of the plains
pocket gopher (Geomys bursarius) in the state. Over the
past 200 years changing land-use patterns, exploration,
and over-hunting have contributed to many changes in
the mammalian fauna. Several species have been extirpat-
ed (red, wolf, ocelot, bison) or nearly extirpated (beaver,
otter, black bear, and white-tailed deer) and others (such
as the gray bat, Indiana bat, Ozark big-eared bat, and
mountain lion) are endangered. There are still other
species for which littlebiogeographical information
exists.
The purpose of this paper is to analyze the Arkansas
mammalian fauna with respect to the physiographic
regions. We further discuss 13 species of nonendangered
mammals which we have identified as being of question-
able status.
Materials and Methods
The major data sources for this study were the species
accounts and distributional maps from Sealander and
Heidt (1990). Other sources of data included surrounding
state accounts (Lowery, 1974; Schwartz and Schwartz,
1981; Davis and Schmidly, 1994; Choate et al., 1994), lit-
erature published since 1990, and current specimen
records from the vertebrate museums as Arkansas State
University (ASU) and the University of Arkansas at Little
Rock (UALR). Domestic or feral species were not includ-
ed in the study, reducing the analysis to 71 species.
Crowley's Ridge and the Mississippi AlluvialPlain physio-
graphic regions were combined for analysis. Crowley's
Ridge is an embedded feature of the Mississippi Alluvial
Plain and mammalian distributions do not grossly reflect
the presence of the Ridge.
Results and Discussion
Biogeography. —Table 1 lists the 71 species used in
this analysis together with their physiographic and faunal
affinities. The Arkansas mammalian fauna represents
eight orders with Rodentia (28 species), Chiroptera (16),
and Carnivora (14) combining for over 81% of species
Table 1. Distribution of the mammals of Arkansas by
Fauna! Element (FE) and Physiographic Region (PR). FE:
W=Widespread; CH=Chihuahwan; CA=Campestrian;
E=Eastern; A=Austral; B=Boreal; N=Neotropical;
I=Introduced (Designations follow Armstrong et al., 1986
and Choate et al., 1994). PR: ST=Statewide; OZOzark
Mountains; OU=Ouachita Mountains; MAP=Mississippi
AlluvialPlain/Crowley's Ridge; GCP=West Gulf Coastal
Species FE ST OZ OU MAP GCP
ORDER DIDELPHIMORPHIA
Didelphis virginiana N •
ORDER INSECTIVORA
Sorex longirostris E • •
Marina carolinensis A
•
Marina hylophaga E •
Cryptotis parva E
•
Noliosorcx crawfordi CH
• • •
Scalopus aquaticus E •
ORDER CHIROPTERA
Myotis lurifugus W • I
Myolis austroripa rius A • • •
Myotis grisexrenx A •
MyotixxrplenIriona /is E • •
Myotis xodalis E • }
MyotixIcibii W • •
Lasioncyteris noctivagans YV •
Pipixtrellux subflavus E •
Eplesicus fuscus W •
Lasiurus borealis E •
Lasiurus seminolus A • • •
Lasiurus cinereus W •
Nycticeiux humeral is E •
Coryrhinus townxendii CH •
Coryrhinus tafinesquii A • • •
Tadarida brasiliensis N • • •
ORDER XENARTHRA
Dasypus novemcinctus N •
ORDER LAGOMORPHA
Sylvilagusfloridanus E •
SylvilagUS aquatints A •
Lepus californicus CH •
ORDER RODENTIA
lamias striatus E • •
Marmota monax B
* *
Sriurus ra rolinensis E
*
Sciurus niger E
•
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?
Glaucomys volans K
•
Geomys breviceps CA
•
Geomys bursarius CA
•
Castor canadensis W •
Oryzonmys palustris A •
Reithrodontomys montanus CA
•
Reithrodontomys humulis A • • •
Reithrondontomys megalotis CH •
Reithrodontomys fulvescens CH
•
Peromyscus maniculatus W
•
Peromyscus leucopUS W •
Peromyscus gossypinus A • • •
Peromyscus attwateri
• •
Ochrotomys milinIIi A •
Sigmodon hispidus N •
Neotoma floridana A
•
Microtus ochrogaster CA • • •
Microtus pinetorum K •
Ondatra zibet hieus W
•
Synaptomys cooperi K •
Rattics rattus I •
Rattus norvegicus I
•
Mus musculus I •
Myocastor coypus NI • • •
ORDER CARNIVORA
Canis latrans W •
Vulpes vulpes W •
Urocyon dnereoargenteus N •
Ursus americanus W •
Bassariscus astutus CH ? *
Procyon lotor W •
Mustela frenata W
•
Mustela vison W
•
Taxidea taxus W • •
Spilogale putorius A ?
• •
Mephitis mephitis W
•
Lntra canadensis W •
Felts concolor W •• • •
Felis nijiis W •
ORDER ARTIODACTYLA
Cervus elaphus W •
Odocoileus virginianus W
present. There are 44 (62%) species that occur statewide;
the remaining 27 species reach the limits of their geo-
graphical range within Arkansas.
The greatest diversity of species occurs in the upland,
regions (69 species), while 56 species occur in the coastal
plains. Of the four regions, diversity is greatest in the
Ozark Mountains (63 species) followed by the Ouachita
Mountains (61), Mississippi alluvial Plain/ Crowley's
Ridge (54), and the GulfCoastal Plain (53). Species diver-
sity within the physiographic regions is not area depen-
dent, but reflects other factors such as climate or habitat
diversity (Fig. 2). All the physiographic regions, with the
exception of the Ouachita Mountains, have faunal ele-
ments found only in that area (Table 2). The Ozark
Mountains not only have the greatest diversity, but also
the largest number of these unique species. Within the
Gulf Coastal Plain, the ringtail, Bassariscus astutus, is list-
ed as unique; however, Majors et al. (1996) reported the
species may be more widespread in the state (see discus-
sion below).
Sealander and Heidt (1990) discussed the geographic
affinities of Arkansas mammals. They concluded that the
64 i ¦ 1
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Fig. 2. Species area curve for Arkansas mammals and
physiographic regions.
native mammal fauna was made up of a least four main
elements with respect to late Pleistocene and recent geo-
graphic origins in North America. These fauna! elements
included Northern-Northwestern (N-NW), Southern-
Southwestern (S-SW), Eastern-Southeastern (E-SE), and
Western-Southwestern (W-SW). In addition, they listed
some 14 species whose origins are somewhat obscure
and, therefore, were not included inany of the other cate-
gories. We have reclassified the faunal elements of
Arkansas (Table 1) to correspond with Armstrong et al.
(1986) and Choate et al. (1994). Following those authors,
we did not assign Peromyscus attwateri to a specific region
as its systematic relationships are not clear. We did, how-
ever, assign Geomys breviceps to the Campestrian region
'
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endangered or threatened, we believe that these species
should receive research attention.Table 2. Mammals unique to Arkansas PhysiogrphicRegions Sorex longirostris —The southeastern shrew has only
been documented in Arkansas only nine times (Sealander
and Heidt, 1990; Huston and Nelson, 1994). This has
been in spite of extensive pit trapping (Garland and
Heidt, 1989) as well as the examination of thousands of
owl pellets from various parts of the state by one of the
authors (VRM). The current distributional map for the
species (Sealander and Heidt, 1990) includes all of
Arkansas except for the West Gulf Goastal Plain. Allof
the recorded specimens, however, have been from the
interior highlands. Although S. Longirostris has been
recorded from the bluffs along the Mississippi River in
Shelby County, Tennessee no specimens have as yet been
recorded from the Mississippi Alluvial Plain.
OZARK MOUNTAINS
Blarina hylophaga -Elliot's Short-tailed Shrew
Myolis grisescens - Gray Myotis
Coryrhinus toxvnsendii - Ozark Big-cared Bat
Lepus californicus - Black-tailedJackrabbit
Geoviys bursarius - Plains Pocket Gopher
Reithrodontomys montanus - Plains Harvest Mouse
Cervus elaphus* - Elk-Elk
MISSISSIPPI ALLUVIALPLAIN/GROWLEY'S RIDGE
Reithrodontomys mega lotis - Western Harvest Mouse
Synaptomys cooperi - Southern BogLemming Notiosorex crawfordi—The desert shrew has been
reported previously (Sealander and Heidt, 1990) from
Washington, Crawford, and Hempstead counties. Since
then, specimens have been recorded from owl pellets in
Lafayette and Millercounties (ASU museum records).
Figure 3a represents the current distribution in Arkansas.
Although this species is peripheral in Arkansas, because
of its elusiveness and size, it may be more locally abun-
dant than previously thought.
GULF GOASTAL PLAIN
Bassa riscus astulus -Ringtail
*Reintroduted
due to this species affinities with G. bursarius (Earl
Zimmerman, pen. comm.).
Using the revised system, 22 (33%) of the classified
Arkansas species have been assigned to the widespread
category. As with Sealander and Heidt (1990) these
species are widespread and have obscure origins. The
majority of these species are carnivores followed by bats.
The list includes the 14 species indicated as widespread
by Sealander and Heidt (1990). An additional seven
species were assigned by Sealander and Heidt (1990) to
other regions, and include: Myotis lucifugus (N-NW), M.
leibii (W-SW), Lasionycteris noctivagans (W-NW), Castor
canadensis (N-NW), Peromyscus leucopus (E-SE), Canis
latrans (W-SW), and Taxidea taxus (W-SW). The elk
(Cervus elaphus) was not assigned by Sealander and Heidt
(1990).
Myotis leibii—There are relatively few records of the
small-footed bat in Arkansas. Sealander and Heidt (1990)
included only the the Ozark Mountains in their distribu-
tion map. Saugey et al. (1993) reported a specimen from
The majority of species were assigned to the Eastern
(16) and Austral (12) regions that, like the Eastern-
Southeastern region of Sealander and Heidt (1990), cor-
respond primarily to forested habitats. The next highest
group of species originated from southern and southwest-
ern areas; Chihuahwan (6) and Neotropical (5). The
fewest number of species are from more northern areas;
Campestrian (4) and Boreal (1).
Species of Questionable Status. — The following 13
species of mammals have been documented in Arkansas;
however, information on their distribution and status is
sparse. While inmost cases Arkansas lies well within their
geographical distributions (Hall, 1981), records from the
state are rare. Although they are not categorized as either
# County Record
Fig. 3. a. Proposed range of the desert shrew (Notiosorex
craiufordi) in Arkansas.
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Mena, Polk County in the Ouachita Mountain region.
Because this species has a tolerance for cold and relatively
dry locations for hibernation (McDaniel et al., 1982),
including under rocks and stones (Barbour and Davis,
1969), it is speculated that this species may Utilize rock
glaciers scattered in the western Ouachita Mountains. We
have elected to redraw the distributional map of this
species (Fig. 3b) to include the western portion of the
Ouachita Mountains.
Myotis austroriparius —The southeastern bat has been
reported from the Ouachita Mountain region in Garland
(Davis et al., 1955) and Montgomery counties (Saugey et
al., 1993), however, it is much more common in the low-
land regions of the state (Steward, 1988; Sealander and
Heidt, 1990). We feel that with the additional records
reported by Saugey et al. (1993), this species requires
additional research on its distribution and status and may
be more common than previously thought
Lasiurus seminolus —The seminole bat has been
reported from six counties in Arkansas (Sealander and
Heidt, 1990). Its distribution includes the Ouachita
Mountains and West Gulf Coastal Plain. While seemingly
difficult to net, further study is needed to ascertain the
exact range and status of this species in Arkansas.
Lepus californicus —Black-tailed jackrabbits have been
recorded only from Benton and Washington counties in
northwest Arkansas. Historically there was a population
of jackrabbits on the University of Arkansas at
Fayetteville agricultural farm outside of Fayettevillc,
Washington County. Jackrabbits were last seen on the
farm in 1985 or 1986 (Loren Wheeler, UAF, pers. comm).
From a mail survey done in 1995-96, Majors et al. (1996)
reported positive responses from trappers and biologists
in most of the northwest counties; all respondents indicat-
ed that the jackrabbit was rare. Arkansas definitely repre-
sents the eastern edge of the jackrabbit's range, and its
presence may be spurious.
Geomys bursarins —A population ofpocket gophers in
Izard County was recently determined to be the plains
pocket gopher (Elrod et al., in press). This population
had previously been thought to be G. brcviceps (Sealander
and Heidt, 1990). Although locally abundant in Izard
County, the status of the plains pocket gopher in
Arkansas is unknown at this time and is receiving addi-
tional attention by two of the authors (DAE,GAH).
Reithrodontomys montanus —The plains harvest mouse
has been reported from only Benton and Washington
counties. Arkansas represents the extreme eastern edge of
this mouse's range, which is similar to the the black-tailed
jackrabbit, with the O/ark plateaus marking the limit of
their distribution. The status of this species is undeter-
mined, however, it is probably very rare.
Reithrodontomys humulis —The eastern harvest mouse
has a divided distribution in Arkansas, being found in the
southwest and northeast part of the state. This species
has been collected from Columbia, Greene, Hempstead,
Lee, Mississippi, and Sebastian counties. While scattered,
the species appears to be locally abundant and more
extensive trapping efforts may reveal that itmay be more
widespread than thought.
Bassariscus astutus —Allbut one ringtail record
(Bradley County) are sight records. Majors et al. (1996)
reported trapper and biologist responses from within
Sealander and Heidt's (1990) range for this species, as
well as responses from Howard and Polk counties adja-
cent to the published range. Further, they reported sight-
ings from in and around the Sebastian County area. One
trapper from Polk County detailed a description of a ring-
tail being killedby a hunting dog. It is possible that the
ringtail may be more widespread than previously thought,
however, it is very elusive and rare.
Mustela frenata —Although listed as occurring
statewide, there is little documentation for the long-tailed
weasel (Ashley, Craighead, Crawford, Cross, Drew,
Jackson, Miller,Searcy, and Woodruff counties) in
Arkansas. Majors et al. (1996) reported survey results
from an additional 41 counties. In allcases, respondents
indicated that the long-tailed weasel was rare. It would
seem that this species, although widespread, is relatively
rare.
Taxidea taxus —Sealander and Heidt (1990) reported
the badger from only Washington County. Cartwright
# County Record
Fig. 3. b. Proposed range of small-footed bat (Myotis leibii)
in Arkansas.
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Gary A.Heidt, Douglas A.Elrod, and V.R. McDaniel
and Heidt (1994) reported a specimen from Franklin
County and a roadkill from Stone County. Usually one or
two badgers from unknown localities are sold annually by
Arkansas Trappers. Majors et al. (1996) reported the
sightings of badgers from trappers and biologists from
most of the northwest counties of the state. Most respon-
dents indicated that the species was rare. Majors et al.
(1996) also speculated that some of the respondents
might have confused a sighting of a badger with that of a
woodchuck (Marmota monax). The badger must be consid-
ered rare in Arkansas.
Spilogale pulorius —The eastern spotted skunk has
only been documented from the upland regions of
Arkansas (Independence, Izard, Lawrence, Newton,
Pulaski, Randolph, Sebastian, and Washington counties),
and is associated with rock outcrops. Although presum-
ably occurring statewide, there have been few ifany reli-
able sightings in the coastal plain areas. Spotted skunks
may have occurred in those regions in the historical past,
but due to intensive agriculture and general clearing of
the land, they have become, at least locally, extirpated.
Majors et al (1996) reported numerous sightings from
throughout the state. They further speculated that some
respondents may have simply responded to a "skunk",
thus combining reports of the spotted skunk with those
of the striped skunk (Mephitis mephitis). They concluded
that the findings were confusing and in need of further
followup. The status of this species needs to be investigat-
ed.
Arkansas has a rich and varied mammalian fauna.
While we have chosen to emphasize the above species for
discussion, there are other species for which biological
information is lacking. We would encourage biologists
and state and federal agencies to emphasize obtaining
base-line data on Arkansas mammals. These data willbe
essential for maintaining and managing our resources in
the future.
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Wave Profile for Proforce Current Bearing Waves
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Abstract
A complete wave profile for proforce style of breakdown waves with a current behind the shock front is discussed.
The solution of the electron fluid dynamical equations in the sheath region for proforce current bearing waves conforms
with the expected conditins for the values of the dynamical variables at the trailing edge of the wave. The wave profile for
electric field and electron velocity, temperature, and number density are presented.
Introduction
The model is that of an infinite plane wave traveling
in the positive x direction with a speed V. Assuming that
the neutral particles are at rest in the laboratory frame, in
the wave frame they are being swept into the wave front
with a speed -V.Considering the wave front to be the ori-
gin of the wave frame, x = 0, the wave willextend to x = -
°°. The wave front at x = 0 is a strong discontinuity (a
shock front) which separates the neutral gas in front of
the wave from the three component fluid composed of
neutral particles, ions, and electrons. The structure of the
wave consists of two distinct regions. First, a thin dynami-
cal region at the wave front which is somewhat thicker
than a Debye length and willbe referred to as the shock
layer or the sheath region. Here the electric field, elec-
tron velocity, and the electron gas temperature first attain
maximum values, and then the electric field reduces to
zero as the electrons slow down to the same velocity as
the heavy particles. Second, a broad quasi-neutral region,
where at the beginning of this region the electrons posses
a high temperature, and further ioni/.ation takes place
until the electrons cool below the ionizing temperature.
Breakdown waves for which electron mobility is in the
direction of wave propagation willbe referred to as pro-
force waves.
A one-dimensional, steady-profile, multifluid model
is employed to describe the breakdown wave propagation
into a neutral medium subjected to a strong electric field.
In order to describe the wave in terms of electron vari-
ables only, electron-fluid equations are decoupled from
the rest of the equations. In the one-dimensional approxi-
mation, the set of electron fluid dynamical equations,
composed of the equations of conservation of mass,
momentum, and energy coupled with the Posisson's equa-
tion, have been applied to a wave of steady profile. The
set of equations has been discussed in detail in two previ-
ous papers: (a) Fowler et al. (1984), and (b) Hemmati and
Young (1995). In terms of the dimensionless variables
the set ofequations are
d(«/v) (D
4 { l',.(r - |) 4 „//«}- - ,;, >.H, ¦ - !). (2)
$ { „»•(* I)2 ImH>(.k 2) ( nn + ,„/» "'^||| } - -'.«,{ :i,,fl 4 (-. - I)2}.
(3)
8-«<" "• (4)
Equations (1) through (3) are the equations of conserva-
tion of mass, momentum, and energy, respectively. With
no time variation in the wave frame, Maxwell's equations
in one dimension reduce to poisson's equation, equation
(4), alone. The variables v, Te,n, E, x, are electron veloci-
ty, electron temperature, electron number density, elec-
tric field(applied field plus space charge field), and posi-
tion inside the sheath. In dimensionless form they are
represented by i), 6, v, J], and £. The symbol 0, K,fi,and u
are ioni/.ation potential, elastic collision frequency, ioni/a-
tion frequency, and ioni/.ation rate respectively, with a
and k representing the wave parameters.
Solution of the Equations
The wave is considered to have a strong discontinuity
at it's front, and in terms ofnondimensional variables the
shock front boundary conditions which have proven to be
sucessful (Fowler et al. 1984) are
//, / I): ,,,= |; 0,= 1,(1 - tf.,)/tt;
5(1 +V)
-{IB" + 1 ) )l (5)
where vh ()x, ij)iare electron number density, electron
temperature, and electron velocity, respectively; T]\ is the
electric field, and 0\ is the electron temperature deriva-
tive at the shock front. The conditions known to exist at
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the trailing edge of the sheath are
iya
= o: i-.2
= i: ,,'2 = 0. (6)
To achieve solution for the set of electron fluid
dynamical equations, the equations are integrated by trail
and error through the sheath region, as described below.
To make the integration of the set of equations through
the sheath region possible, the momentum balance equa-
tion is expanded and other equations from the set are
used to solve for eletron velocity derivative
(It/- _ KU'(I-I'MI+ /()- <\Onfl -(>(¦«' - i)i.<
"
r
2 -
nO
(7)
This allows for the singularity inherent in the set of equa-
tions to appear in the denominator of equation (7). The
movable singularity present between ij)] and 1 is used to
integrate the set ofequations by trialand error. For 0 < ij)
< 1 when ij)2 - a0 approaches zero, the electron velocity
derivative willapproach infinity.This represents the pres-
ence of a shock within the sheath. A shock inside the
sheath is not allowed; therefore, the numerator in equa-
tion (7) has to approach zero at the same time as the
denominator approaches zero. For a given wave speed a
and electron number denisty V1( this allows choice of ini-
tial value of by trail and error for a given K. After
reaching the singularity, for approximately ten integra-
tion steps the denominator and the numerator in equa-
tion (7) are held constant until both change signs after
passing through the singularity. The integration of the set
of equations is continued until i)approaches 1. At the
trailing edge of the wave, the conditions (6), however,
have to be satisfied in their entirety. Ifconditions (6) are
not satisfied, the process has to begin with a new value of
/cand i){.
The ionization rate, u, is calculated by using an equa-
tion derived by Fowler (1983). His derivation is based on
free trajectory theory, where ionization due to both
directed and random motion ofelectrons is included.
(8)
Analysis and Results
For breakdown waves with a large current behind the
shock front, Poisson's equation and the initial boundary
condition on electron temperature have to be modified
(Hemmati and Young 1995). In dimensionless variables
the modified Poisson's equation and the boundary condi-
tion on electron temperature respectively are
S = S(e- '> + *•'•. (9)
0 =«"'<! -*''¦> , K t (10)
'.
where, I=rnK0K ,in equations (9) and (10) is the dimen-
sionless current, and I( is the current behind the shock
front. Uman (1971), considering long laboratory sparks as
miniature lightning, calculates the current values from
electric field measurements. He reports peak currents in
the order of 103 A for leader steps, and peak currents in
the range of 10 kA ~ 100 kA for the lightning return
stroke. These current values correspond to a dimension-
less current, I, value in the range of 0.005 and 0.5. For
larger current values, the computer integration of the set
of electron fluid dynamical equations becomes very diffi-
cult and time consuming. For larger current values in
order to make the passage through the singularity possi-
ble, the number of integration steps near the singularity
where the numerator and the denominator in equation
(7) are kept constant must be increased up to twenty
steps. This is the cause of the kink in the enclosed
graphs. Earlier, Hemmati and Young (1995) have report-
ed the variation of electric field and electron velocity
inside the sheath for several current values. Their results
meet the expected boundary conditions at the trailing
edge of the sheath. A complete wave profile, for a larger
current value, i=0.25, is the subject of the present paper.
Earlier attempts in integration of the set of equations
for this value of the current resulted in only the passage
through the singularity. In our recent attempts, not only
have we been able to pass through the singularity, but
also our best result is satisfactory in meeting the condi-
tions at the trailing edge of the sheath. For a satisfactory
solution at the end of the sheath, r\ has to approach zero
while electrons acquire the same speed as those of heavy
particles (i) —> 1). At the end of the sheath, the electron
temperature, 6, has to remain positive. A positive electron
temperature indicates electron capacity for further ioniza-
tion.
Figure 1 is a graph of electric field, 77, as a function
of electron velocity, ty. As expected, the beginning value
of the electric field is equal to that of the applied field (77
= 1),and itapproches zero at the end of the sheath.
Figure 2 is a graph of electric field, 77, as a function
of position, £, inside the sheath. Comparing the sheath
thickness for 1 = 0.25 with those of lower current values,
Hemmati and Young (1995) shows that as the current
value behind the shock front increases, the sheath
becomes thicker.
Figures 3 and 4 are graphs of electron temperature,
0, and electron number density, V, as a function of posi-
tion inside the sheath. Our results are for a = 0.01, which
represents a wave speed value of 3 x 107 m/s, and K =
0.8033678. For large current values the passage through
the singularity requires a larger number of significant fig-
ures in variable values such as K. The other variable val-
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Fig. 1. Net electric field, 7], as a function of electron
velocity, ij),inside the sheath.
-
Fig. 3. Electron temperature, 9, as a function ofposition,
£,, inside the sheath.
Fig. 2. Net electric field T), as a function of position, £,
inside the sheath.
ues at the shock front for our successful solution are v, =
0.029 and =0.267. The singularity appears at £ = 0.34.
r Conclusions
For current value of i= 0.5, the integration of the set
of equations become practically impossible. This indi-
cates the existence ofa cut-off point for current values for
which the solution of the electron fluid dynamical equa-
tions is possible. The existence of a cut-off point for cur-
rent agrees with the reported experimental current values
(Uman 1971) and is a validation of the fluid model and
the set of electron fluiddynamical equations.
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Abstract
Nuclei of vegetative hyphae of the puffball species Lycoperdon pyriforme are small and difficult to stain. A simple mitot-
ic staining technique utilizing a modified version of Ziehl-Neelsen's carbol-fuchsin stain, originally developed for examin-
ing bacteria and small chromosomes of plants, has proven useful for observing fungal nuclei in this gasteromycete
species. Cells of vegetative hyphae were pre-treated for 2 hours with an aqueous solution saturated with naphthalene,
fixed in a 3:1 mixture of 100% ethanol and glacial acetic acid, and hydrolyzed for 10 minutes in a 1:1 mixture of 100%
ethanol and 12 M hydrochloric acid. Cells were rinsed with distilled water before exposure to the carbol-fuchsin stain.
Microscopic examination of hyphae revealed that the nuclei were darkly stained, whereas the rest of the tissue remained
relatively clear. Examination of 800 apical and adjacent subapical cells from six isolates revealed that the hyphae are pre-
dominantly binucleate. This nuclear staining technique may prove useful in studies of the life cycle and genetics of this
and other fungal species.
Introduction
The puffballs are members of the gasteromycetes or
"stomach fungi" in which the developing hymenium or
gleba of the basidiocarp is enclosed by one or more outer
layers of tissue (i.e., the peridium). Unlike other mem-
bers of the phylum Basidiomycota, gasteromycetes are
not capable of actively dispersing basidiospores without
the assistance of some mediating force or agent (e.g., the
force of a falling rain drop, wind, or insects) (Millerand
Miller, 1988). Gasteromycetes have been traditionally
united by the above characters, but the growing body of
evidence indicates that this diverse group (e.g., puffballs,
stinkhorns, bird's nest fungi, earthstars) does not consti-
tute a monophyletic assemblage (Alexopoulos et al.,
1996). The life cycles of gasteromycetes vary, as do the
form and structure of different species, the methods for
dispersing spores, and the habitats that these organisms
occupy (Brodie, 1975; Miller and Miller, 1988). In delin-
eating the life cycle of puffball species, inparticular
Lycoperdon pyriforme Schaeff.;Pers., the maintenance of the
dikaryon appears to be one feature that separates this
group from the others.
Dikaryotic hyphae are composed of binucleate cells
and often possess clamp connections which are used as a
diagnostic feature to distinguish them from uninucleate
or monokaryotic cells (Buller, 1933). Clamp connections
are a result of mitotic events. Each nucleus in the cell
divides synchronously with one pair of daughter nuclei
migrating directly into one of the two newly forming cells
before becoming separated by an intervening cross wall.
The other pair of daughter nuclei form within a hyphal
peg that extends from the anterior hyphal cell back
toward the adjacent subapical cell. Anastomosis of the
hypal peg to the adjacent subapical cell allows one of
these daughter nuclei to enter. Another crosswall in the
hyphal peg develops forming a barrier between the cyto-
plasm of the apical and subapical cells, reestablishing the
dikaryotic condition in the twodaughter cells.
Clamp connections have been observed in a number
of gasteromycetes including the bird's nest fungi (Brodie,
1975; Olchowecki and Brodie, 1968), the stinkhorns (i.e.,
Phallus hadriani Vent, per Pers. and Simblum sphaero-
cephalum Schl.) (pers. observ.), the sphere thrower (i.e.,
Sphaerobolus stellatus Tode: Pers.) (Buller, 1933) and a
uniloculate gasteromycete (i.e., Limnoperodon incarnatum
Escobar) (Esocbar et al., 1976). Cytological studies of
puffball species found that clamp connections are gener-
ally absent from dikaryotic hypae (Doweling and Buhner,
1964; Duncan and Keay, 1990; Huss, 1992).
The absence of clamp connections makes it virtually
impossible to distinguish between monokaryotic (uninu-
cleate) and dikaryotic (binucleate) hyphae unless nuclei
are examined directly. Such information would be useful,
especially when conducting sexual crosses in studies of
mating systems in these fungi, and for determining the
general ploidy condition of these fungi, a necessary pre-
requisite for the interpretation of isozyme data (Huss
1993, 1996).
Several nuclear staining techniques have been utilized
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for cytological studies of the basidia, germinating spores,
and vegetative hyphae of several puffball species, includ-
ing Lycoperdon pyriforme. The nuclei of the puffballs are
reported to be quite small, measuring about lpmin diam-
eter (Dowding and Bulmer, 1964; Duncan and Keay,
1990; Swartz, 1929). Many standard nuclear staining tech-
niques are not efficient or effective due to the problems
of over staining cytoplasm which often obscures the pres-
ence of small nuclei. Giemsa staining techniques have
proven useful for observing nuclei among members of
the Lycoperdaceae and other fungi (Duncan and
Galbraith, 1973; Duncan and Keay, 1990; Robinow, 1957;
Wilson, 1992). An equally effective technique (Dowding
and Bulmer, 1964) utilies the Feulgen reaction (Feulgen
and Rossenbeck, 1924) to stain nuclei using Schiff's
reagent which contains basic fuschin. A different staining
technique, which also utilizes basic fuschin, was originally
developed by Ziehl (1882) and Neelsen (1883) for staining
acid-fast bacilli (Drury and Wallington, 1967; Johansen,
1940). Dr. Zhongren Wang and Dr. Ralph E. Brooks
(pers. comm.) modified this technique for examining the
small plant chromosomes common to members of the
Juncaceae. This paper presents the methodology and
findings regarding the use of Ziehl and Neelsen's carbol-
fuschin stain and modifications ofWang and Brooks tech-
nique forstaining puffball nuclei.
Materials and Methods
Preparation of staining solution.
—
Carbol fuschin
staining solution was originally utilized by Ziehl (1882)
and Neelsen (1883) for staining acid-fast bacilli (Drury
and Wallington ,1967; Johansen, 1940). The following
recipe and methodology are based, in part, on unpub-
lished modifications of these techniques by Dr. LiMao-
xue in 1981 of Beijing University, People's Republic of
China, and Dr. Zhongren Wang and Dr. Ralph E. Brooks
at the University of Kansas in 1991.
Basic fuschin (3 g) was dissolved in 100 ml of 70%
ethanol. Ten mlof this solution was transferred to 90 ml
of 5% phenol in distilled water. Fifty-five ml of this sec-
ond solution was mixed with 6 mlglacial acetic acid and 6
mlof 37% formaldehyde. The final staining solution was
prepared by diluting this solution with 45% acetic acid at
a ratio of 1:4; then adding 1.8 gof sorbitol for every 100
mlof staining solution prepared. This final staining solu-
tion was allowed to "mature" for several weeks before
using.
Staining offungal nuclei. —Cultures obtained by cul-
turing glebal tissue of immature basidiocarps were used
in this study. Cultures were obtained from personal col-
lections (Huss, 1992) and from the American Type
Culture Collection. Fungi were grown for several weeks
over a sterile overlay of cellophane (dialysis membrane)
on the surface of potato dextrose agar (Difco) in a petri
dish. Sectors ofmycelium left attached to the cellophane
membrane were cut and transferred to deionized water
saturated withnaphthalene. This material was allowed to
soak for two hours. Cellophane sectors with mycelium
were soaked inFarmer's fixative (3:1 mixture of 100%
ethanol to glacial acetic acid) for one hour. Fixation for
more than one hour tended to result in increased cyto-
plasmic staining, but this was inhibited by refrigeration.
Cellophane sectors with mycelium were hydrolyzed in a
1:1 mixture of 100% ethanol to 12 M hydrochloric acid
for about 10 minutes. Sectors were rinsed in distilled
water for 5 minutes and allowed to remain in water until
ready for use. Single sectors were transferred to clean
microscope slides, and a drop of staining solution added.
Tissue was allowed to soak in stain several minutes before
adding a cover glass. This resulted in shaper staining of
nuclei. Photomicrographs were made using Kodak
Technical Pan 2415 film under bright field conditions
witha green filter.
Results and Discussion
The staining technique worked wellwith nuclei stain-
ing dark, while the rest of the cell with the cellophane
background remained relatively clear. Condensation of
the nuclei appears to be favored by pre-treating the tissue
in a solution saturated with naphthalene. Wang and
Brooks (pers. commun.) suggest substituting a-bromo-
naphthalene, which along with />-dichlorobenzene has
been utilized as a substitute for colchicine in pre-treating
cells (Dyer, 1979). The degree to which nuclei stained
also seemed to be dependent on which isolate was exam-
ined.
The nuclei were quite small measuring about 1 |im in
diameter (Fig. 1). Consequently, individual chromosomes
were not observed, although occasionally nuclei with a
miniature dumbbell appearance were seen, suggesting
that active cell division was taking place. Most cells were
binucleate or dikaryotic ( Fig. 1A-C; Table 1). Some
nuclei appear to be pairing with one another, although
that did not always appear to be the case (Fig. IB).
Adjacent cells lacked clamp connections between dif-
ferent cells, supporting previous reports that clamp con-
nections are generally few in number or absent (Duncan
and Keay, 1990). The dikaryotic condition is probably
maintained by both dividing nuclei migrating into the
newly developing cell before the crosswall or septum
forms. Departure from this theme could occur ifone
nucleus failed to migrate to the newly formed cell before
partitioning occurred (n < 2), or ifthe crosswall fails to
form at all (n > 2). Aberrant dikaryons, where the num-
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Application of a Modified Ziehl-Neelsen's Carbol-Fuchsin Stain forObserving Nuclei in
Vegetative Hyphae of the Puffball Species Lxcoperdon pyriforme
Table 1. Nuclear complement of apical (A) and adjoining subapical (S) cells in cultures of Lycoperdon pyriforme isolated
from different localities.
Nuclear complement (%)
0 12 3Isolate Source Type of cell & 2 4
total no. examined
ARK-10C Arkansas A (n=50) 0 0 100 0 0
S(n=50) 0 0 98 2 0
ATCC-52736 ;l Japan A(n-50) 0 0 82 16 2
S(n=50) 2 4 84 8 2
DON-A18c Kansas A(n-50) 0 2 86 6 6
S(n=50) 0 2 90 6 2
LEA-17Ac Kansas A(n-50) 0 2 90 4 4
S(n=50) 0 4 92 2 2
SQW-11B Missouri A (n=100) 0 1 96 3 0
S(n=100) 0 1 96 3 0
SQW-64F Missouri A (n=100) 2 4 90 4 0
S(n=100) 0 1 93 4 2
aAmerican Type Culture Collection. Allother cultures from personal collection (Huss, 1992).
her of nuclei per cell is not equal to two, have been
observed in the Lycoperdaceae (Duncan and Keay, 1990;
Fig. ID, Table 1). Generally these cells represent excep-
tions to the rule, since cells with excessive nuclei often
degenerate reverting to the dikaryotic condition (Duncan
and Keay, 1990). An examination ofapical and subapical
cells of actively growing hyphal tips of several isolates
obtained from different geographical locations supports
these observations (Fig. 1; Table 1). Examination of 800
apical and adjacent subapical cells from six isolates
revealed that the hyphae are predominantly dikaryotic
(Table 1). Cells departing from the normal expectation of
two nuclei on average constituted less than 9% of the cells
observed.
This staining technique adds to the current tech-
niques available for staining fungal nuclei in puffballs
and other fungi. Further application may prove useful in
studies designed to determine the type of mating system
that exists among members of this group. Light shed on
sexual reproduction inpuffballs would dispel some of the
current confusion in the literature regarding the nuclear
condition of colonies derived from single basidiospores
(uninucleate or binucleate), and the presence or absence
of homothallism and self-compatibility, or heterothallism
and outcrossing (Dowding and Bulmer, 1964; Swartz,
1929; Huss 1993, 1996).
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Abstract
The food habits of adult spadefoot toads (Scaphiopus h. holbrookii and S. h. hurterii) collected in Arkansas were exam
ined during this study. Thirty-six adult S. h. holbrookii (29 males and 7 females) and 48 adult S. h. hurterii (23 males and 2
females) were necropsied. Most specimens were collected over a 10-year span of time (1985-94). Alltoads were taken from
breeding aggregations which were visited periodically inany given year (frommid-February to late April).Prey items wer
found in the stomachs of 13 (36.1%) of the S. h. holbrookii and 23 (48.0%) of the S. h. hurterii. Scaphiopus h. holbrookii and
h. hurterii have similar diets. Both subspecies feed on a variety of ground-dwelling arthropods with 19 taxa being ident
tied to the order or the familiallevel. The data suggested that there was considerable dietary overlap based upon the fa
that beetles and catepillars were the primary food items. The presence ofonly one aquatic insect inall the stomachs inc
cated that the toads restrict their feeding activity after arriving at breeding ponds. Additional seasonal collections ai
required to better understand dietary diversity.
Introduction
Two genera of North American spadefoot toads,
Scaphiopus and Spea (Anura: Pelobatidae), are represented
by two species (Scaphiopus holbrookii and Spea brombijrons)
in Arkansas (Conant and Collins, 1991); aspects of the life
history ofonly one species, S.holbrookii, have received any
recent detailed work within the state (Trauth and Holt,
1993). The latter authors examined the reproductive biol-
ogy of Hurter's spadefoot (S. h. hurterii), one of two
allopatric subspecies of S. holbrookii. In Arkansas, S. h.
hurterii is confined largely to the westernmost Interior
Highlands region (including the Arkansas River valley),
whereas the eastern spadefoot (S. h. holbrookii) is general-
ly restricted to the Mississippi delta region (Wasserman,
1968; Conant and Collins, 1991).
Food habit studies ofadult S. holbrookii are less well-
documented when compared to the examination of the
diet of their larvae (Wasserman, 1968; Punzo, 1992).
Pearson (1955) studied the ecology of S. h. holbrookii in
Florida and included an analysis of stomach contents as
well as personal observations on feeding behavior. He
reported that adults fed primarily on members of the
Coleoptera, Hymenoptera, Orthoptera, and Arachnida
(in that order), although he did not specify the families to
which the individual arthropods belonged. Moreover, he
made seasonal collections and provided information con-
cerning percent volume (dried mass) but could draw no
conclusions from these data. He did, however, observe
spadefoots occasionally sitting in the mouth of burrows
with their heads below the leaf litter. In another Floric
study, Punzo (1992), likewise, reported a varied diet thi
included mostly coleopterans, hemipterans, hymenopte
ans (ants), orthopterans, and arachnids. Bragg (194 z
provided the most in depth information on the feedin
habits of 5. h. hurterii. He observed adults catching man
different kinds of insects and spiders and stated that th
subspecies showed no preference for any individua
taxon. Because of the paucity of information on the die
of Scaphiopus holbrookii throughout its range, we, hereii
provide additional information concerning food habits o
adult S. h. holbrookii and S. h. hurterii collected i
Arkansas.
Materials and Methods
Thirty-six adult S. h. holbrookii (29 males and
females) and 48 adult S. h. hurterii (23 males and 2
females) were examined during this study. Most spec
mens of the S. h. holbrookiiand S. h. hurterii were obtainec
from Clay, Mississippi, and Craighead counties of nortl
eastern Arkansas or from Yelland Logan counties o
west-central Arkansas (respectively) over a 10-year span o
time (1985-94). All toads were collected from breedin
aggregations which were visited periodically in any givei
year (from mid-February to late April). Animals wer
returned to the lab at Arkansas State University and killec
in a solution of dilute chloretone within 24 hr after cap
ture; specimens were fixed in 10% formalin and placed ii
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(Scaphiopus holbrookiiholbrookii and S. /i.hurterii) inArkansas
0% ethanol for permanent storage. Stomachs were
emoved, and their contents were placed into vials of70%
thanol prior to identification. Food items were sorted,
ounted and identified to family (when possible) using
ichotomous keys in Borror et al. (1989). An individual
bot item consisted of a whole specimen or parts repre-
enting an entire specimen. Voucher specimens of S. h.
olbrookii and S. h. hurterii are housed in the Arkansas
tate Univeristy herpetological museum (ASUMZ num-
>ers are as follows: S. h. holbrookii - Clay Co.-5388, 7973,
2631-12641; Craighead Co.-15439-15445, 19531-19532;
Mississippi Co.-2455-2458, 3755-3764, 18225-18230;
White Co.-14272, 14311, 15026, 15041, 15044. S. h. hur-
erii - Baxter Co.-17587; Logan Co.-10349- 10350, 10377;
Ouachita Co.- 16069; Saline Co.-7829, 14531; Yell Co.~
0327-10343, 15490, 18847-18860).
IDietary overlap was calculated according to theethod described by Floyd and Jenssen (1983) usingeir equation #1:
n
D =Li/2^ P^-Pyi
i=1
Eiere Pxi and Pyi are the frequencies ofprey items for sub-ecies x and y, respectively for the ilh category. Thedex, D, can range from 0 (no overlap) to 1.0 (completeerlap). Percent occurrence for various prey taxa wased for the determination ofD.
Results and Discussion
Prey items were found in the stomachs of 13 (36.1 %)
h. holbrookii and 23 (48.0 %) .V. h. hurterii. An average of
.9 food items per stomach was recorded for S. h. hol-
ookii (range, 1-7), whereas S. h. hurterii averaged 3.0
ems per stomach (range, 1-12). The largest food item
msumed by S. h. holbrookii was 35 mm in length (lepi-
opteran larva), whereas the smallest was 6 mm (a
aphylinid). Scaphiopus h. hurterii consumed prey items as
large as 33 mm (lepidopteran larva) and as small as 9 mm
(a tenebrionid). The total number and percent occur-
rence offood items are given in Table 1.
Scaphiopus. h. holbrookii and S. h. hurterii have very
similar diets as indicated by the significant dietary over-
Ip (D = 0.94). Both subspecies feed on a variety ofound-dwelling arthropods with 19 taxa being identifiedthe order or familial level. Only five taxa (26%) wereund in the stomachs of both Scaphiopus. h. holbrookiiid S. h. hurterii. Although a lack of significant overlapems evident, it should be noted that beetles
loleoptera) and caterpillars (Lepidoptera) were the
ost frequently consumed food items forboth subspecies
(Table 1). Beetles were encountered in 53.8% of 5. h. hol-
brookii stomachs and 60.9% of S. h. hurterii stomachs.
Interestingly, neither Bragg (1944) nor Pearson (1955)
mentioned caterpillars as food items in their studies,
while in the present study percent occurrence ofcaterpil-
lars was 53.8 and 34.8 for Scaphiopus. h. holbrookii and S.
h. hurterii, respectively. Punzo (1992) reported caterpillars
in 50.0% of Scaphiopus. h. holbrookii stomachs in summer
collections but in only 14.7% of stomachs during the
spring. Our data suggest that Scaphiopus. h. holbrookii and
S. h. hurterii in Arkansas have a preference for beetles and
caterpillars during the spring months; however, prey
availability and abundance can often conceal preferences.
Additional studies are required in order to better under-
stand food preference.
Pearson (1955) and Punzo (1992) reported ants
(Formicidae) to be far more important in the diet of .V. h.
holbrookii than our study showed. Only one ant was
encountered in the Scaphiopus. h. holbrookii stomachs ana-
lyzed, whereas none was found in those of .V. h. hurterii.
Ants constitute a significant component of the diet of
many bufonids, hylids, and other anurans (Inger and
Marx, 1961; Brown, 1974; Duellman and Trueb, 1986;
Jamieson et al., 1993), but in the present study ants com-
prised only 7.7% and 0% of the total diet of Scaphiopus. h.
holbrookii and S. h. hurterii, respectively.
Because all of the toads in the present study were col-
lected inor near breeding pools, the presence ofonly one
aquatic insect (Stratiomys larva) inonly one of their stom-
achs suggests that the toads restrict their feeding activity
after arriving at the breeding sites. The lone Stratiomys
larvae may have been the result of an incidental inges-
tion.
Inconclusion, the data from our study indicated that
Scaphiopus. h. holbrookii and .V. h. hurterii have very similar
food habits in Arkansas. Additional seasonal collections
of the toads are necessary in order to help clarify dietary
diversity.
7
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Table 1. Percent occurrence and total number of food items from stomachs ofScaphiopus holbrookii holbrookii and
Scaphiopus h. hurterii from Arkansas. AD= adults; LA=larvae.
Taxa S. h. holbrookii S. h. hurterii
% Occurrence Total No. of % Occurrence Total No. of
Food ItemsFood Items
Insecta
17
3
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Coccinellidae
Curculionidae
Histeridae
Scarabaeidae (AD)
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Unidentifiable remains
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15.4 13.0 1
4.3 1
15.4 2 4.3 2
14.3
4.3 1
8.7 2
7.7 3
2
7
8.77.7 6
930.8 26.1
Diptera
Heleomyzidae
Stratiomyidae
8.7 2
Stratiomys (LA) 7.7 1
Unidentifiable remains
Hemiptera
4.3 1
7.7Nabidae 3
Hymenoptera
Formicidae 7.7 1
Lepidoptera (LA)
Orthoptera
53.8 10 34.8 22
Acrididae
Gryllidae
4.3 1
8.7 2
Arachnida
Araneae 7.7 1 13.0 3
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Isopoda 8.7 7
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Abstract
We report improved methods for electroplating cadmium sulfide (CMS) films. A previous problem was cracking/flak-
ing of films deposited from organic solutions of elemental sulfur; attempts to improve adhesion via bath additives
reduced grain size. Aqueous baths of thiosulfate ions yield cadmium-richness at low T temperatures (T), long deposition
times, and/or poor bath stability. Developments in our work to be discussed include (1) plating ofuniform, adherent, and
stoichiometric CdS from tetraethylene baths of CdCl 2 and elemental sulfur at T > 70° C with minimal cracking/flaking,
(2) improved uniformity/ adherence by use of CdL>, and (3) swept voltage methods in aqueous thiosulfate baths to plate
stoichiometric (vs. Cd-rich) films near room temperature.
Introduction
Electrodeposition has emerged as a commercially
attractive method for depositing semiconductor thin
films for optoelectronic device applications due to low
temperature and atmospheric operation, low equipment
and supply costs, easy scale-up, lack ofhazardous reactant
gases, and precision measurement and control via its elec-
trical nature. It contrasts with other methods of deposi-
tion such as vacuum evaporation/sputtering, chemical
vapor deposition (CVD), and molecular beam epitaxy
(MBE), which require expensive, high vacuum, and/or
gas-phase apparatuses. Standard chemical precipitation
deposition (CPD) techniques for the synthesis of metal
sulfides utilize the very toxic sulfur source, thiourea,
(NH2)2CS.
Cadmium sulfide, CdS, is a leading semiconductor
material used in optoelectronic devices. It has applica-
tions in light detection and photovoltaic cells. There has
been much interest in the applications of n-CdS as the
window material in CdS/CdTe and CdS/CuInSe 2 solar
cells because of its 2.42 eV bandgap. CdS can be elec-
trodeposited from organic solutions containing molecu-
larly dissolved sulfur and acidic, aqueous based thiosul-
fate ion, S9O.5-, solutions.
In many organic solvents elemental sulfur dissolves
into polyatomic, zero valent sulfur molecules Sx(0) (x=l to
8). Film formation can proceed by
a. Cd+^ + 2e =Cd(s) (1)
b. Cd(8) +S x =CdS (s) + S x_] and/or
a. Sx+ 2e = S-2 +Sx.] (2)
b. S-2 + Cd+-;= CdS (s)
where the former case is usually dominant unless the
metal ions are heavily complexed.
Electrodeposition of CdS from aqueous electrolytes
utilizes thiosulfate as a low cost, low toxicity, and very sol-
uble sulfur source. In acidic solutions, thiosulfate decom-
poses to release sulfur:
a. S 2O3-2(aq) =S(g) +SO3-2(aq) (3)
The formation of CdS then proceeds on the cathode sur-
face as in (1) and/or (2) above (with x = 1). Due to the
reduction in cadmium atom activity provided through the
chemical reaction with sulfur, it is possible to plate CdS at
voltages positive of that required to plate metallic cadmi-
um. This is known as underpotential deposition
(Engelken and Van Doren, 1985).
Works describing the electrodeposition ofII-VIsemi-
conductor compounds such as cadmium telluride, CdTe
(Poole et al., 1994; Engelken and Van Doren, 1985:
Engelken, 1988; Kemp et al., 1995), copper sulfide, CuxS(Engelken and McCloud, 1985), and tin sulfide, SnS
(Mishra, Engelken, et al., 1989) have accumulated in the
past 15 years. There are two basic electrolytes specific to
the electrodeposition of CdS films: (1) organic elec-
trolytes of moleculaiiy dissolved sulfur and ionically dis-
solved metal salts (Baranski and Fawcett, 1980) and (2)
aqueous solutions of the thiosulfate ion (McCann and
Skyllas-Kazacos, 1981). Both tend to produce metal-rich
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films unless conditions are optimized. Pulsed deposition
i' methods offer potential for overcoming this problem
(Fatas et al., 1984). In fact, more recent work has focused* *
on pulsed electrodeposition techniques for the prepara-
tion of CdS/CdTe thin film solar cells (Das and Morris,
T 1993; Das, 1993).
Materials and Methods
The apparatuses used in the experiments included an< > IBM EC 225 voltammetric analyzer, a Hewlettt Packard
7047A x-y-trecorder, and a 1000 W quartz/tungsten halo-
gen lamp for in-situ photoconductivity measurements.
The anode was made of Poco pyrolyzed graphite and its
submerged area was approximately 6 cm-. The reference
electrode was a Fisher Ag/AgCl reference electrode. The
cathode clamp was constructed ofPoco Graphite, and the
cathode substrates were Donnelly indium tin oxide (ITO)
coated glass. Other submerged items included an alcohol
thermometer and a Teflon covered stirring bar.
Supplies and reagents used included ACS grade Alfa
Na2S 2O3, 99+% Aldrich CdCl2, CdSO 4, and Cdl2, and
T 99+% Alfa ethylenediaminetetraacetic acid (EDTA).
Aldrich tetraethylene glycol of purity 99% was used as
the organic solvent. Distilled water was used for the aque-
ous depositions.
A Rigaku D-Max x-ray diffractometer was used to
characterize crystallinity. A Perkin-Elmer Lambda 19
UV/VIS/NIR spectrophotometer was used for optical
absorbance spectroscopy.
!? Films were deposited by swept deposition from acidic
solutions. The solutions contained 150 ml of water, with
? 0.01 M CdSO 4, 0.02 M Na 2S2O,, and 0.03 MEDTA at a
pH of 2.0. The solutions were heated to 60-7()°C for
? voltammetric analysis and filmdeposition. Thin films
were deposited by application of a continuous wave, ramp
? voltage. The sweep rate was 5 mV/s.
Films were deposited from TEG at constant voltage at* 90-100 C. The solutions were saturated with sulfur and
contained 0.01 M CdCL, or Cdl2.Deposition was carried
? out at -0.92 V with respect to the reference electrode for 4
hours.
[
w Results and Discussion
w TEG Based Solutions. —Several films were deposited
from the tetraethylene glycol (TEG) baths until optimum
? conditions were found. Golden (MS films were deposited
by constant voltage electrodeposition. Uniformity and
? adherence were much improved over those grown by us
from ethylene glycol using similar methods. Figure 1
? shows the plot of absorbance versus wavelength for one
?
film. The sharp inflection near 500 nm is indicative of
CdS. Figure 2 is the x-ray diffraction data for the film.
The sharp intensity peaks corresponding to the overlaid
CdS powder diffraction file card reveal that the sample is
ploycrystalline CdS.
The TEG based solutions were used in initialexperi-
ments to plate large area (i.e. 4 in. x 7 in.) films for light
detection devices. The scaled-up method also produced
very uniform films. The replacement of CdCl2 with Cdl.j
increased uniformity. These films appeared more golden
orange in color, as opposed to golden yellow. Initial
results indicate that use of TEG as a CdS electrodeposi-
tion electrolyte improves adherence and uniformity with-
out sacrificing key material characteristics.
Aqueous Solutions.
—Photovoltammetry was conduct-
ed for the aqueous solutions to determine the most effec-
Fig. 1. Optical absorbance vs. wavelength for a CdS film
electrodeposited from the TEG solution. Note the
absorption edge near 500 nm, consistent with CdS's 2.42
eV bandgap.
Fig. 2. X-ray diffraction data for the CdS filmelectrode-
posited onto ITO-coated glass from the TEG solution.
Vertical lines denote standard CdS powder diffraction
card [6-314].
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tive way of depositing photoconductive CdS. Figure 3
shows a voltammogram (i.e. without pulsed illumination)
of a typical aqueous CdS electrodeposition solution. The
lack of structure positive of the undei potential Cd plating
wave indicates that CdS is not being cathodically plated at
these positive most voltages. Figure 4 shows a similar pho-
tovoltammagram with anodic photocurrents appearing
on the reverse (i.e. negative to positive voltage) sweep fol-
lowing the cadmium stripping structure. Study of these
plots indicates that sulfur species released from the thio-
sulfate ions are reacting at the cathode surface with plat-
ed cadmium. The absence of a stripping wave more posi-
tive than the cadmium plating range reveals that CdS
thus formed remains on the substrate surface.
Photovoltammetry was conducted periodically during
swept deposition filmgrowth. Figure 5 shows the initia
sweep during a filmdeposition. As previously noted
anodic photocurrent pulses are observed on the reverse
sweep. Figure 6 is a photovoltammogram conducted dur
ing the same filmdeposition but after several sweeps
Notice the increase in photocurrent magnitude with this
sweep. At this point it was observed that a thin, golden
yellow filmhad formed on the substrate surface. Anopti
cal absorbance vs. wavelength plot for this filmis shown
in Fig. 7. The sharp rise in absorbance near 500 nm is
consistent with the bandgap ofCdS. As might be expect-
ed with thin films deposited near room temperature, x-
ray diffraction reveals poor crystallinity. Figure 8 shows
the pattern overlaid with a standard CdS powder diffrac-
Fig. 3. Cyclic voltammogram (current-voltage curve) for
an ITO coated glass cathode in an aqueous solution at
60 °C with 0.01 M CdCU, 0.02 Na2S 2Os, and 0.03 M
H4EDTA at pH =2. Note the lack of voltammetric struc-
ture other than the cadmium plating and stripping peaks.
Fig. 5. Cyclic voltammogram recorded during the initial
sweep of a CdS filmdeposited by swept voltage methods
in a thiosulfate bath. Note the anodic photocurrents on
the reverse sweep and the absence of the cadmium strip-
ping peak due to the more positive stopping potential.
Fig. 4. Cyclic voltammogram as with Fig. 3 except that
pulsed light is incident on the substrate surface. Note the
appearance ofanodic photocurrent pulses on the reverse
sweep following the stripping ofcadmium.
Fig. 6. Cyclic voltammogram as with Fig. 5 except the
filmhad deposited for about 1 hour. Note the change in
current scale and the increase in the magnitude of the
photocurrent pulses.
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Also, the introduction of iodide ions into the solution fur-
ther enhances uniformity.
Electrodeposition of CdS from aqueous solutions
containing thiosulfate ions was much improved by the
implementation of swept voltage deposition. This method
tends to produce stoichiometric CdS, as opposed to Cd-
rich films. This technique is easily monitored by in-situ
voltammetry.
Future related work willinvolve further refinement of
the electrodeposition of CdS from hot organic baths (i.e.
T >100°C) and more detailed investigation of pulsed and
swept methods for the electrodeposition of CdS from
aqueous solutions. Further experimentation willinclude a
more quantitative approach to the growth and characteri-
zation of films deposited from organic electrolytes con-
taining CdL; Also, dithionite ion, S^O^"-, as a sulfur
source in acidic solutions willbe investigated.
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Abstract
Floodplain deposition has been a critical part in the evolution of Arkansas' Delta ecoregion, and because of its high
potential for such events, this region is highly enriched and extremely fertile. Historically, water quality in the area has
been the subject of scientific study, and as a result littlehas been published on the effects of underlying sediment with
associated benthic communities. Sediment analysis is critical to many of the ongoing aquatic studies because of its signifi-
cance as both a habitat for benthic organisms and a sink for contaminants. Seven rivers and one creek within the Delta
ecoregion were examined for water chemistry, sediment characterization, and sediment toxicity to determine survival and
growth of Chironomus tentans. Greatest midge growth occurred in sediment collected from Black River site A; additionally,
those sediments were high in silt content (>80%) and supported high midge survival. The results of combined characteri-
zation and biological test methods indicated that the Black River (site A) was the sediment that met criteria set by the
researchers and was suitable to use as a reference control sediment for future Delta toxicity testing.
Introduction
In the assesment of aquatic environments, greater
emphasis has been placed on water quality testing rather
than on examination of the underlying sediment. Under
the Clean Water Act of 1972, the United States
Environmental Protection Agency (US EPA) delegated
the responsibility to protect the nation's waters for safe
drinking and use; however, early criteria for safety were
based solely on water quality and ignored the potential
buildup of contaminants in associated sediment (US EPA,
1993). And not until the United States Army Corps of
Engineers began to evaluate the results ofdredging activ-
ities in the 1970s, did sediment toxicology become an
established field (Burton, 1991). Concerns over dredged,
contaminated sediments and their potential impact upon
water quality and biota included this component as a crit-
ical and integral part of the aquatic habitat assessment.
Sediment toxicity testing began in 1977 using two benthic
insects, Hexagenia limbata and Chironomus tentans (Burton
et al., 1992). However, these tests were limited in evaluat-
ing acute endpoint responses. A series of technical work-
shops was offered by the US EPA during 1984, and this
marked the firstyear oforganized efforts to address sedi-
ment pollution issues (Adams et al., 1992). Since that
time, standard guidelines for C. lentous acute, whole-sedi-
ment tests were proposed, approved and used by 1990;
currently the US EPA is developing chronic test methods
using both C. teutons and Hyalclla azteca to determine sed-
iment effects upon both larval and emergent stages of the
midge and reproduction in the amphipod.
Historically, chemical-specific approaches have been
implemented to determine the assimilative capacities of
watersheds throughout the country. States are now look-
ing at more realistic, whole-effluent approaches to assess
potential toxicity to aquatic biota including associated
sediment effects.
While early emphasis was placed on water contamina-
tion within the ecosystem, more recent studies have
focused on contamination of sediments (Pavlou, 1987;
Fava et al., 1987; DeWitt et al., 1989). Whole-sediment
testing is now being used because of its realism, the abili-
ty to determine dose response curves, and its holistic
approach to testing (Burton et al., 1992). Many of the
tests involving sediment evaluations have directly influ-
enced the design of experiments used to assess contami-
nation of whole aquatic ecosystems. To date, baseline
data on contaminated sediments and their relationship to
biological integrity have continued to support examina-
tion of this component of aquatic habitats.
Since sediment (substrate) is the single greatest deter-
minant of composition and success of the benthic com-
munity aside from the presence of water [Arkansas
Department of Pollution Control and Ecology
(ADPC&E), 1987], itbecomes necessary to establish sedi-
ment criteria because of the reported relationship
between contaminants and sediments. Sediments general-
ly tend to accumulate toxicants at higher levels than those
measured in the water column; in addition, contaminants
tend to become concentrated in sediment with continual
exposure to pollutants (Chapman, 1989).
The lower Mississippi Delta region has long been rec-
ognized for its fertile soils and cropland; however, little
emphasis has been placed on maintaining its ecological
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integrity or calculating the aesthetic value of this
enriched region of the United States. Agricultural use has
undoubtedly changed not only the structure of this region
(e.g. channelization of rivers), but it has also introduced
insecticides, herbicides and other chemicals into the soil
and water column. It has been estimated that 77% of the
land use in the Delta is for agricultural purposes and spe-
cific farming activities, such as withdrawals and dis-
charges from irrigated fields which substantially influ-
ence Delta summertime stream flows (ADPC&E, 1987).
Channelization in recent years has played a large role in
the development of the Delta, which has a very low natur-
al gradient. This development of the Delta has produced
major changes upon biota and their habitat since the con-
stricted floodplain has now been isolated primarily to
confined rivers and ditches (Belt, 1975). With destabiliza-
tion of the floodplain, it is even more important to evalu-
ate both chemically and biologically the current status of
the Delta's rivers. Therefore, it is necessary to determine
how well river sediments can best support growth and
survival ofbenthic organisms. With this information, lab-
oratory and field assessments can evaluate the effects of
sediment characteristics and contaminant effects more
effectively (Suedel and Rodgers, 1991).
Rivers included in this study were the Little Black,
Black, Cache, L'Anguille, St. Francis, Strawberry, and
White rivers; Village Creek was an additional waterway
that was considered for collection in this study. Each river
was chosen because of its relative location and ease of
sampling for sediment collection. The LittleBlack,
L'Anguille and Cache rivers are all known to be impacted
by agricultural use. Historically, the Cache River has been
repeatedly channelized. Channelization in conjunction
with other uses has led to extreme increases in turbidity
and siltation. Village Creek serves as one of Arkansas'
natural ecoregion reference streams of water quality and
represents the Delta in the establishment of biocriteria
(ADPC&E, 1987).
The objectives for this study were to 1) determine
those sediment characteristics that resulted in greatest
Chironomus growth, 2) determine water chemistry para-
meters for those selected sites, 3) determine ifthe results
of the toxicity tests varied among sites and 4) identify a
reference sediment for the lower Mississippi Delta ecore-
gion of Arkansas.
Materials and Methods
The following summarized methods were used to
evaluate relative effects of sediments on the short-term
growth of the midge, C. tentans. This study also related
associated sediment characteristics to "preferred" sub-
strate and determined whether acute toxicity was evident
in sample collections. Allprocedures were conducted
within 24 hours following collection from all 19 sites in
this study.
Sediment Collection and Site Location.
—
Sediments
were collected at 17 different sites from May throug
September 1995. Sample sites were selected in seve
rivers and one creek, located within the Delta ecoregio
(Arkansas Game and Fish Commission, 1989). Collection
of approximately 800 g of sediment were taken with
petite ponar dredge at various sites withineach creek anc
river system. Composite samples were collected wit
regard to the width of each sample location. Three sam
pies were collected from each location within the Black
St. Francis and White rivers near the right bank due to
greater accessability of sediment. Control sediments con
sisting of 100% silica sand were used in accordance wit;
US EPA protocol (US EPA, 1994).
Sediments were collected on 23 May 1995 and agaii
on 15 September 1995 in the Little Black River T21N
R3E; SI4. Three sites were sampled on 13 June 1995 anc
they included Cache River TUN; R1W; S26, White Rive
T12N; R3W; S29, and Village Creek TUN; R3W; S5
Samples were collected on 3 June 1995 in Village Cree
T17N; R1E; S28 and the Cache River T16N; R2E; S35
Sediments were collected on 7 September 1995 in th
Strawberry River T16N; R3W; S35, the Black River T17N
R1W; S13, and the L'Anguille River T9N; R3E; S19. Oi
15 September 1995, sediment was collected in the St
Francis River TlIN;R6E; S39.
Sediment Characterization. --Particle size composi
tion is the relative amounts of sand, silt and clay in sedi
ment. The size distribution for each site was determinec
by obtaining 45 g of sieved (#10) vs. standard wet sedi
ment and adding a 5% solution of hexametaphosphatc
solution (HMP) for 24 hours. The sediment solutions
were then placed into 1-L graduated cylinders and over
laid with deionized water. Hydrometer readings were
taken after 15 minutes, 8 and 24 hours. Samples were
then sieved (#270) vs. standard to separate particle frac
tions and the recovered sand was placed in a drying oven
to obtain a final dry-sand weight. The wet weights
hydrometer readings and dry sand weights from each o
three replicates were entered into statistical analysis sys
terns (SAS) to calculate the percentage of sand, silt anc
clay for each sediment sample (Gee and Bauder, 1986
Black, 1986).
Cation exchange capacity (CEC) of a sediment is a
measure of the reversible bound cations in the sample, oi
a measure of those cations held on the surface within the
crystalline matrix of some minerals. These cations ma)
potentially be released into the water column undei
appropriate conditions. The procedure consists ofequili-
brating a sediment sample with a highly soluble salt solu-
tion. The theory behind the procedure is that the high
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concentration of a soluble cation willreplace the sorbed
or bound cations associated with the sediment. The
replaced cations can then be determined individually in
the leachate or the sediment sample can be washed and
equilibrated with a second soluble salt. The second
leachate is then analyzed for total cation exchange capaci-
ty. The standard leachate that is most often used is 1 N
ammonium acetate. The principle advantages of this
approach are the pH buffering capacity of ammonium
acetate solutions and the relative ease of the ammonia
determination. However, ammonium acetate may yield
low results with samples containing 1:1 type clay minerals
such as kaolin or halloysite or highly calcareous sedi-
ments due to the dissolution of calcium carbonate. Moist
field samples should be used for the CEC determination
as the process of drying alters the CEC. Since sample oxi-
dation may indirectly affect CEC, samples should be
processed as soon as possible.
Percent solids, the fraction of total solids present in
the sediment, was determined by placing 25 g of whole
sediment into a 250 mlbeaker and drying the sample for
24 hours in an oven to obtain a final dry weight. The fol-
lowing equation for percent solids determination was
used by Plumb (1981).
% Solids = dry weight - pan weight X 100
wet weight
- pan weight
Volatile solids are determined by placing total solid
residue into a pre-weighed crucible and ashing the dried
contents for one hour at 550 °C. After the samples have
cooled, their weights are determined and recorded. The
material lost on ignition is referred to as volatile solids,
while that material stillremaining is referred to as fixed
solids (Plumb, 1981). The following equation was used to
determine the percent volatiles from a collected sample.
% Volatile Solids = dry sample residue-ignition residue X 100
dry sample residue-weight ofcrucible
Water Chemistry. —Water samples were collected
from each site and used in determination of those water
chemistry parameters known to significantly affect toxici-
ty. Dissolved oxygen, pH, conductivity and total dissolved
solids were measured in the field at each site. Dissolved
oxygen was measured using a YSI Model 57 meter. Values
for pH were determined using a Mettler Model 1002
meter, and a YSI Model 33 meter was used to determine
conductivity in (Limhos/cm at 25 C. Total dissolved solids
(TDS) was measured using a Hach meter, while tempera-
ture was taken using a Baxter S/P digital thermometer.
Alkalinity and hardness were measured in the laboratory
using titration methods (American Public Heatlth
Association, 1995).
Acute Toxicity Testing. —Chironomus teutons was used
in a whole-sediment toxicity test to determine relative tox-
icity among collection sites (US EPA, 1994). A flow-
through test system was designed and built to allow for a
continuous flow of dechlorinated tap water through the
test vessels.
Water quality parameters (temperature, dissolved
oxygen, conductivity, alkalinity and hardness) were deter-
mined from overlying water on test sediments prior to
addition of C. tentans into all test chambers. Dissolved
oxygen levels for overlying water were maintained
between 40% and 100% saturation. The day before test
initiation (Day 0), collected sediment was homogenized
thoroughly and 100 mis was measured and transferred
into a 250 ml chamber. Overlying water (75 mis) was gen-
tly poured into the chamber along the sides so as not to
disturb the substrate. The test setup consisted of four
replicates per site to ensure statistically valid results.
Third instar larvae cultured in the Ecotoxicology
Research Facility were taken from hatch tanks using a
wide-bore, glass pipette and introduced into the test
chambers below the water surface (US EPA, 1994). For
those sediment sites (LB1523, LB2523, LB3523, LB4523)
that were not used in the flow-through test apparatus,
overlying water was renewed daily for nine days following
setup. Dechlorinated tap water was used as overlying test
water and renewed by siphoning two-thirds from each
chamber using a pipet connnected to airline tubing. The
pipet was covered with 100 um Nitex mesh to prohibit
any organisms from entering the siphoning apparatus.
Each test chamber was checked daily, and observa-
tions were made as to burrowing activity or the presence
of indigenous organisms. Overlying water chemistry was
measured for conductivity, pH, alkalinity, hardness, and
ammonia at the beginning (Day 1) and end (Day 10) of
each test. These measurements were taken on combined
overlying water from each of the four replicates. Dissolved
oxygen and temperature were measured and recorded
daily for each replicate and remined at 40-100% satura-
tion and 23 + 2 C, respectively. Care was given not to over
feed the test chambers due to possible decreases in dis-
solved oxygen, thereby altering the availability of contam-
inants within the sediment. Each test chamber was given
1 ml of a solution containing 4 g Tetramin / Milli-Qfil-
tered water daily.
On day ten, each replicate was rinsed through a #40
(425 urn) standard size sieve to remove midges from the
sediment. The midges and substrate were rinsed into a
white sorting tray and collected in a solution of 60%
ethanol. After death the collected larvae were placed in a
pre-weighed aluminum drying pan and dried at 60 °C for
24 hours. A dry weight of each replicate was taken to
compare net weight gain among exposed individuals for
each of the seventeen sites. Significant differences in
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growth and survival among sites or concentrations were
determined using Dunnets analysis with an alpha level of
0.05.
played the following trends (Table 2). The field-observed
pH was slightly alkaline in the range of 7.35 to 8.18.
Dissolved oxygen content was not particularly high,
falling in the range of 6.40 to 7.90 mg/L. It is important
to keep inmind that this study was done in large part dur-
ing the summer months from May to September.
Therefore, lower dissolved oxygen levels were not due to
any seasonal fluctuations. Conductivity was similar at the
three sites and ranged from 300 to 410 fimhos/cm.
Alkalinity at the sites ranged from 134 to 176 mg/L
which is high for Deltaic rivers. Likewise, hardness was
high, ranging from 120 to 165 mg/L. Total dissolved
solids was only measured for ten sites and ranged from
147 in the Little Black to 200 mg/L in the L'Anguille
River.
Results and Discussion
Percent survival of C. tentans that met acceptable
(>90%) test criteria was high among the nineteen collect-
ed sites; however, was greatest from the St. Francis site 3
with 100% survival (Table 1). Sites BA97, LAA97 and S97
had the greatest amount of weight gain per organism
among all the sites, with the Black River sediment having
the highest among all sites (0.00690 g). Midges gained
five times as much weight in this sediment (Black River
site A) as in the control sediment. Weight gain from
midges exposed to L'Anguille and St. Francis sediments
was only three-fold incomparison to the control.
The sediment characteristics provide more insight
into the relevance and results of this study. The three sites
deemed best using statistical analysis revealed an
extremely high percentage of silt in comparison to sand
and clay. The percentage of silt ranged from 68.80 to
84.62%. These results are confirmed by the study of
Suedel and Rodgers (1994) which found that optimal
growth of C. tentans occurred where silt content was
greater than 80 percent. As well with this study, we deter-
mined that there was a statistically significant correlation
between percent growth and percent silt content (r- =
0.94). This would account for observed growth in sedi-
ments from the Black, L'Anguille and St. Francis river
sites, but not for the growth in sediments from the Little
Black River site. Suedel and Rodgers (1994) further stated
that C. tentans also require sufficient organic matter fro
acceptable survival. Greater amounts of organic matter
content could account for the added growth observed in
C. tentans using Little Black River sediment. Because
organic matter was not a parameter in this study, this
deduction is purely hypothetical.
After comparing net weight gain and survival of C.
tentans among the 29 sediment sites, greater emphasis
was placed on those sediments with higher values from
the listed parameters. Water chemistry among the three
sites having the greatest midge survival and growth dis-
Table 1. Chironomus tentans 10-day toxicity test on sedi-
ment collected from nineteen sites in the Arkansas Delta
ecoregion.
% Survival Mean Weight/org (g) % Growth1
C-CONTROI
1 - W()13
15 0.00140 10
0.00088 7
0.00081* 12
0.00017 1
0.00690* 100
0.00490* 67
0.00470 48
0.00290* 42
0.00260* 39
0.00200* SI
0.00290* 42
0.00210* 31
0.00230 25
0.00240* 37
0.00140* 20
0.00000 0
.0..180 18
0.00170 13
0.00120 16
0.00150 18
53
2-C613
3-VC613
4 -BA97
5 - LAA97
6 - S97
95
53
93
88
or.
Any final conclusion concerning CEC of the sedi-
ments was difficult to draw from this study. The cation
exchange capacity of a sample is influenced by the clay
content of the sample, the type of clay, the organic matter
content, the pH of the displacing solution, the nature and
concentration of the displacing cation, and the sediment-
to-solution ratio. Most techniques only vary the magni-
tude of the CEC of a sample and not the relative order of
a number of samples. Therefore, standardizing as many
variables as possible (ammonia concentration, pH, solid-
liquid ratio, and time of contact, ensures uniformity and
comparability of results from test procedures.
7 - BB97 93
8-LAB97
9-LB1915
10-LB4915
11 -SF1915
12-SF2915
13-SF3915
14 - C603
98
98
93
95
7()A
100
93
15 - VC603
16-LB2523
17 - LB4523
18-LB3523
19-LB1523
o
63
50
88
78
Of the three selected sediment sites, the Black River
Site A was selected as a reference sediment for further
testing because it met all three criteria: greatest weight
gain, highest percent survival and greater than 80% silt
content. The factors of survival as well as increases in
growth for this particular site aided in this conclusion.
ADenotes lab accident where approximately two test chambers
were broken
*Significantly different from control; Dunnetts, 0.05 P
were determined using greatest growth from site 4
(BA97) as 100%
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Table 2. Water chemistry parameters for nineteen sites in the Arkansas Delta ecoregion.
"
Site Temp
CC)
pH Dissolved Oxygen
(mg/L)
Conductivity
(umhos/cm)
Alkalinity
as CaCo s(mg/L)'
Hardness
as CaCo s
(mg/L)
TDS
(mg/L)
W613 19 7.07 9.40 260 132 140
C613 26 7.04 7.20 300 800 110
VC613 27 6.36 6.80 390 124 140
BA97 27 8.18 7.90 350 176 165 170
LAA97 32 7.37 5.50 390 152 150 200
S97 31 8.29 7.80 370 200 170 180
BB97 27 8.22 8.80 350 140 178 170
LAB97 31 7.35 6.40 410 156 140 200
LB1915 22 7.31 7.10 295 126 190 147
LB4915 22 7.56 7.00 300 134 120 150
SF1915 30 8.08 6.10 350 152 90 170
SF2915 29 8.02 5.50 350 138 100 180
SF3915 30 7.92 6.00 350 140 90 170
C603 26 6.90 7.60 208 76 70 —
VC603 25 . 7.10 7.50 455 168 160 —
LB2523 7.81 7.10 194 98 120
LB4523 7.72 7.00 193 98 110 —
LB3523 7.66 7.00 193 98 120 ~-
LB1523 7.86 7.00 192 100 120
Site location key:
W613 White River on 6/13/95
VC613 Village Creek on 6/13/95
LAA97 L'Anguille site A on 9/07/95
BB97 Black River site B on 9/07/95
LB1915 Little Black site 1 on 9/15/95
SF1915 St. Francis site 1 on 9/15/95
SF3915 St. Francis site 3 on 9/15/95
VC603 Village Creek on 6/03/95
LB4523 LittleBlack site 4 on 5/23/95
LB1523 LittleBlack site 1 on 5/23/95
C613 Cache River on 6/13/95
BA97 Black River site A on 9/07/95
S97 Strawberry River on 9/07/95
LAB97 L'Anguille site B on 9/07/95
LB4915 LittleBlack site 4 on9/15/95
SF2915 St. Francis site 2 on9/15/95
C603 Cache River on 6/03/95
LB2523 LittleBlack site 2 on 5/23/95
LB3523 Little Black site 3 on 5/23/95
The LittleBlack River Site 4 was identified as a potential
reference selection; however, when compared to an earli-
er collection at the same site, there was far less weight
gain and survival of exposed individuals. Perhaps the
later Little Black collection date results were skewed by
thunderstorms on 15 September 1995 that contributed to
increased organic content by producing upwellings from
the narrow riverbasin. These organic increases would be
beneficial to test organisms in a ten-day C. tentans test.
Due to high conductivity, low dissolved oxygen, and
visual cues notes by the field crew, the L'Anguille River
was not chosen as the reference sediment. Even though
several of the rivers in this study are influenced by agri-
culture, none are as heavily effected as the L'Anguille. It
is widely known among both local residents and the
ADPC&E (1987) that the L'Anguille River is unnavigable
unless area farmers are discharging into the system.
Prevailing stream conditions from any location affect not
only sediment availability but also sediment quality.
Therefore, the consistency of stream velocity is an impor-
tant consideration in the identification of a reference site
to be used throughout the year.
Sediments from the Black River Site A were deter-
mined to reflect the least-disturbed condition as repre-
sented by the relative growth, survival of sediment
dwelling benthic organisms, and particle composition.
Physicochemical parameters combined with the observed
growth differences among sites provided a more holistic
evaluation of the relative condition ofDeltaic streams.
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Table 3. Sediment characterization among nineteen sites collected in the Arkansas Delta Ecoregion.
Site Particle Composition CEC
(meq/lOOg)
Total Solids
(Avg. %)
Total Volatile
Carbons (g)
»
%Sand
76.3
60.2
0.9
18.0
14.0
18.0
22.0
16.0
22.0
31.2
23.0
19.0
16.0
13.0
11.0
51.1
41.5
11.9
45.5
%Silt
12.7
35.5
96.5
82.0
86.0
82.0
78.0
84.0
78.0
68.8
77.0
81.0
84.0
87.0
89.0
43.1
53.7
84.9
49.3
%Clay
11.0
4.3
2.6
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
5.8
4.8
3.2
5.2
W613
C613
VC613
BA97
LAA97
S97
BB97
().()()()
0.784
7.831
4.440
79
71
0.04
0.34
19
7<S
0.7.8 ?
0.21
5.240 77
SI
83
77
60
72
11
71
71
67
48
72
63
64
71
0.55
0.290
1.060
0.06
0.07
LAB97
LB1915
LB4915
SF1915
SF2915
SF3915
C603
3.060 0.24
9.041 0.53
7.075 0.58
33.753 0.94
2.226 0.20
5.215 0.19
4.551 0.82
VC603
LB2523
LB4523
LB3523
LB1523
3.98.3 0.77
2.671
2.901
3.440
4.119
0.64
0.92
0.98
0.75
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Abstract ?¦
In 1994 the University of Arkansas - Little Rock (UALR), in cooperation with the Nature Conservancy and the
Arkansas Natural Heritage Commission, began a faunal assessment of Camp Joseph T. Robinson Military Installation in
North Little Rock, Arkansas. The purpose of the study was (1) to determine the distribution and the abundance ofnative ?
fauna on the installation, (2) to survey the installation for rare and endangered species, and (3) to determine the impact
ofhuman activities on sensitive habitats and on the fauna. During the fall (1994-1996), winter (1995-1996) and spring «
(1995-1996) seasons, mammals were located by either live-trapping, mist-netting, scent stations, pitfall trapping, active
hunting or spotlighting. Arc/INFO® and ArcView® 2.0 were used to visualize and analyze the data. ERDAS Imagine'' was «
used for satellite imagery interpretation. We recorded 315 individuals representing 29 of the 54 possible mammalian
species within central Arkansas. Two additional species were documented from UALR museum records. When habitats *
were categorized into either Hardwood or Mixed Hardwood/Pine, we found more species occurring in Mixed
Hardwood/Pine areas than in Hardwood areas. When the two habitat-associations were compared (techniques by ?
Hutcheson; 1970 and Zar; 1996) there was no significant difference (P<.()5) in species diversity, species richness or species
evenness.
?
Introduction Methods and Materials «
Worldwide, the United States Army (U.S. Army) man-
ages 186 installations containing over 12 million acres
(Tazik et al., 1992). Threatened or endangered species
may occur on some of these installations. Protected
species and their environments fall under regulations of
international, federal and state laws, such as the U.S.
Endangered Species Act of 1972 (as amended). To comply
with environmental requirements the U.S. Army imple-
mented a management program called "Land Condition
Trend Analysis" (LCTA). Under this program, all active
U.S. Army and 16 major National Guard installations
have an LCTA program. One of the major objectives of
the LCTA program is to "delineate the biophysical and
regulatory constraints to use of the land" (Tazik et al.,
1992).
Study Area. —The CJTR study area comprised over 4
38,000 acres in Pulaski and Faulkner Counties, north of
the Arkansas river and the greater North Little Rock - <
LittleRock metroplex. Located on the eastern boundary
of the Ouachita Mountain physiographic province and
iicii the western edge of the Gulf Coastal Plain province,
CJTR has a forest cover of 72 percent. The vegetation <
consists of various grasses in mowed or cleared areas
while major tree species include white oak (Quercus alba), 1
blackjack oak (Quercus marilandica), post oak {Quercus stel-
lata), willow oak (Quercus phellos), hackberry (Celtis occi- 1
dentalis), sweetgum (Liquidambar styraciflud), Eastern red-
ceader (Juniperus virginiana), loblolly pine (Pinus taeda) »
and other overstory species.
The installation is used as a training site for the Army +
National Guard and the U.S. AirForce. Of the acreage on
CJTR, 32,000 are used for active training, with 2,000 1
acres for cantonment areas and 4,000 acres managed by
the Arkansas Game and Fish Commission (AG&FC). The «
area managed by AG&FC was not included in the study
area. 4
The State of Arkansas contains one of the 16 major
National Guard installations, Camp Joseph T. Robinson
(CJTR). The local LCTA program started with vegetation
and floral inventories in the fall of 1993. In the spring of
1994 a faunal inventory was initiated. The University of
Arkansas - Little Rock undertook the responsibility for
surveying herpeto- and mammal faunas. This paper dis-
cusses the implementation and current (two-year) status
of the mammalian survey.
Mammalian Collecting Methods.
—
Between December
1994 and January 1996, small and medium-sized mam- »
mals were sampled from both hardwood and mixed hard-
wood/pine stands. A map ofCJTR (Fig. 1) shows the geo- *
graphic distribution of sample localities.
?
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Sherman live traps (model LFAG, H.B. Sherman Co.,
Tallahassee, FL.), Tomahawk live traps (models 102, 105
and 108, Tomahawk live trap Co., Tomahawk, WI), and
pitfalls were used to sample small- and medium-sized
mammals. Nineteen modified grids (O'Farrell et al.,
1977) was used to survey smaller mammals. A center
point for each 50m x 50m grid was determined and geo-
referenced by using a Trimble Global Positioning System
receiver. The grid was divided into quarters for sampling.
Between 20-40 traps were placed in each quarter.
Standard measurements, sex and overall condition of
each captured individual was recorded. Voucher speci-
mens were placed in the UALR Vertebrate collections.
For larger mammals such as white-tailed deer
(Odocoileus virginianus) or coyote (Canis latrans) the indi-
vidual number of observations was recorded, but the ani-
mals were not captured. Observations in these cases were
performed either directly (simple observation) or indi-
rectly by the use of scent stations or sign. Scent stations
were constructed by clearing a 1 m- area and sprinkling
powdered lime (CaCO^) into the cleared area. Fatty acid
scent (FAS), an attractant, was placed in the center
(Diefenbach et al., 1994). Searches of abandoned struc-
tures, water tanks and mistnets placed over selected water
bodies were used to sample bat species.
Computer Methods.
—
A geographic information sys-
tem (GIS) was constructed for data storage and spatial
analysis. Arc/INFO (Environmental Systems Research,
Inc.) was used for GIS data management. The CJTR
installation was digitized from Department of Defense
(DOD) maps at 1:25,000 scale. Data layers, including
roads, streams and lakes, training areas and boundaries,
were projected to Universal Transverse Mercator Zone 15
coordinates, North American Datum 83 meters. Soil-
types were obtained from the State Soil Geographic
(STATSGO) Data Base (1:250,000 scale) and initial
Landuse (LU)/Land Cover (LC) maps were constructed
from 1981 Environmental Protection Agency LU/LC
data (1:250,000 scale).
Because land cover changes over time, we used recent
(1992) LandSat Thematic" Mapper (TM) and (1995)
Satellite Probatoire pour L'Osservation de la Terre
(SPOT) remotely sensed imagery to re-classify canopy
types. The images were atmospherically corrected, georef-
erenced (rectified to 30 ground control points: RMS error
<0.5), and classified (unsupervised) using ERDAS -
Imagine 8.2. We used a Normalized Difference Vegetative
Index (NDVI:Jansen, 1986) for the canopy (land cover)
classification. Ground truthing was used to validate the
classes. Classified images were used to digitisze polygons
into Arc/INFO.
Analytical Methods. —Diversity indices were used to
determine the species distribution in Hardwoods and
Mixed Hardwood/Pine communities. We used Margelef s
richness index, Shannon-Weaver index and Hills
Modified index (see Ludwig and Reynolds, 1988). We
used the suggestions of Hutcheson (Hutcheson; 1970)
and techniques described in Zar (1996) to determine sig-
nificance of the species diversity indices.
Results and Observations
Out of a possible 54 mammalian species in Central
Arkansas (Sealander and Heidt 1990), we recorded a total
of 29 species (6 common species, 23 less frequently
observed species; see Table 1 for species list).A record of
two other species (Urocyon cinereoargenteus and Coryrhinus
rafinesquii) were obtained from museum records. While
various methods were used for sampling bat species, we
were only successful in obtaining samples from mistnet-
ting riaparian flyways. No endangered species were
observed throughout the study.
The most common species belonged in the orders
Insectivora and Rodentia, see Table 1. Diversity indices
(Table 2) were calculated on the basis of small mammals
for which more than five observations were recorded. In
the Hardwood community we recorded five common
species with 149 observances (H'=1.313; Table 2), while in
the Mixed Hardwood/Pine community, six species with
82 observances (H'=1.570; Table 2). Even though we
observed many more individuals in the Hardwood com-
munity than in the Mixed Hardwood/Pine community
(149 vs. 82), there is no significant difference in species
diversity between the two areas (t=O.247<t oo-)rJ) H)()=1.972).
Similarly, these communities were not differentiated on
Fig. 1. Map of Camp Joseph T. Robinson Military
Installation showing locations of training areas, mammal
trapping, and start/end points of mammal scent stations.
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the basis of species richness (0.79 vs. 1.13; Margalef's
Index; Table 2) or evenness (0.79 vs. 0.80; Hill's Index;
Table 2).
Discussion and Recommendations
The proximal and immediate goals of this project
were (1) to produce a species listof the mammalian fauna
on CJTR, and (2) to asses anthropogenic impact on those
species. To accomplish the first goal, we initially generat-
ed a list of all possible mammalian species in central
Arkansas without regard to habitat or other species pref-
erences. After two winters of sampling, we have trapped
or otherwise documented the occurrence ofapproximate-
ly half (29 of 54) of those possible species. Of the 25
species which we predicted but did not record on CJTR
eight were bats, nine rodents, 5 carnivores, 2 insectivores
and 1 lagomorph (Table 3). With more intensive sampling
we would expect to find most of these. Although not list-
ed as threatened or endangered, the southeastern shrew
{Sorex longirostris) and long-tailed weasel {Mustela frenata)
are of unknown status in the state and in need of further
research (Heidt; 1996). In addition, suitable habitat is
either absent or very limited for Baird's pocket gopher
(Geomys breviceps), woodchuck (Marmota monax), and
Eastern spotted skunk (Spilogale putorius).
Due to general interest in conserving diversity and
assessing human impact on diversity at the landscape
level, we calculated species diversity and species evenness
indices for the two major habitat types used for military
training exercises. While we recognize difficulties in
applying, comparing, and interpreting these values
(Magnussed and Boyle, 1995), we present them for com-
parative purposes. Values that we observed are in close
agreement for other species diversity/ evennes indices for
similar habitats in eastern Texas (Ford et al., 1991), even
though they were primarily interested in the herpetofau-
na.
Our inability to detect diversity/evenness differences
etween the two habitat types may have resulted from sev-
eral causes. First, there may be no underlying differences
between the habitat-mammal associations. Given the
recent history of the installation, being reclaimed from
private ownership (1930's), heavily urbanized (1940's),
and restored to a more natural area (197()'s), the homoge-
nization of the installation my underlie the lack ofregion-
alization. The alternative hypothesis (i.e. there is a differ-
ence between the habitat-mammal associations, but that
we have not measured it)presents a more serious issue.
The sample size and sampling regime that must be used
to obtain the statistical power to differentiate habitat-asso-
ciations will be a considerable undertaking. As
Magnussen and Boyle (1995) indicate, "extensive sample
sizes are often needed to allow (powerful) statistical infer-
ence and/or hypothesis testing of quantitative measures
of diversity". We feel that the former hypothesis is more
likely the case, and submit that to test the later would
require extensive sampling. Given the results of the initial
study, suggesting that no differences exist, extensive addi-
tional sampling is not likely to be profitable.
Due to lack of human activity data, it is difficult to
asses human impact on species diversity at CJTR. Data
needed includes accurate records documenting the num-
ber of troops using particular training areas, dates ofuse,
time ofuse and type, duration and nature ofeach activity
as well as continued sampling in both the disturbed and
non-disturbed areas. Potential and unmeasured human
impact involves civilian encroachment of the installation.
On many occasions we observed deposited refuse,
biodegradable and non-biodegradable materials. Such
items as discarded sofas, home appliances, and litter were
clearly not of military orgin. Finally, as the installation
matures, a yearly vegetation/land cover assessment
should be made. Remotely sensed data should be
obtained on a regular basis to maintain a database for the
installation. These data should be combined into a long-
term landuse management plan.
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Table 1. Species list of mammals documented at Camp
Joseph T. Robinson, North Little Rock, Arkansas,
December 1994-March 1996.
Order Didelphimorphia
Didelphis virginiana Opossum
Order Insectivora
Southern short-tailed shrew
Kastern mole
Marina carolinensis*
Scalopus aquaticus
Order Edentata
Nine-banded ArmadilloDasypus novemcinctus
Red bat
Evening bat
Raf inesque's big-eared bat
Eastern cottontail
Order Rodentia
Sciurus carolinensis Gray squirrel
Sciurus niger Fox squirrel
Glaucomys volans Southern (lyingsquirrel
Castor canadensis Beaver
Reithrodontomys julvescens* Fulvous harvest mouse
Peromyscus leucopus* White-footed mouse
Peromyscus maniculatus :J: Deer mouse
Peromyscus gossypin us* Cotton mouse
Peromyscus attwateri Texas mouse
Ochrotomys nutalii Golden mouse
Sigmodon hispidus Hispid cotton rat
Neotoma flu» idana Eastern woodrat
,\ ticrotus och rogaster * Prairie vole
Minotus pinetorum Woodland vole
Order Carnivora
Canis latrans Coyote
Urocyon cinereoargenteus** Gray fox
Vulpes vulpes Red fox
Procyon lotor Raccoon
Mephitis mephitis Striped skunk
Felis rufus Bobcat
Order Artiodactyla
Odocoileus virginia»us White-tailed deer
?denotes common species
**denotes museum specimens
Order Chiroptera
Lasiurus borealis
Nycticeius humeralis
Coryrhinus rafinesquii**
Order Lagomorpha
Sylvilagus floridanus
it -f ted
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Table 2. Summary species diversity indices for mammals
on Camp Joseph T. Robinson, North Little Rock,
Arkansas.
Index Hardwoods Mixed/Hardwood Pine
Margalefs' Richness 0.79 1.13
1.57
0.80
Shannon-Weaver's Diversity 1.31
Hill's Eveness 0.79
Table 3. Species list of mammals which were not docu-
mented at Camp Joseph T. Robinson, North Little Rock,
Arkansas, December 1994-March 1996.
Order Insectivora
Cryplotis parva
Sorex longirostris
Order Chiroptera
Myotis lucijugus
Mytotis septentrionalis
Lasioncyteris noctivagans
Pipistrellus subflavus
Eptesicus fuscus
Lasiurus seminolus
Lasiurus cinereus
lada rido brasiliensis
Order Lagomorpha
Sylvilagus aquaticus
Order Rodent ia
Tamias striatus
Marmota monax
Geomys breviceps
Oryzomys palustris
Ondatra zibethicus
Rattus rattus
Rattus norvegicus
Mus musculus
Myocastor coypus
Order Carnivora
Ursus americanus
Muslela frenata
Mustela vison
Spilogale putorins
Lutra canadensis
Least shrew
Southeastern shrew
Littlebrown myotis
Keen's myotis
Silber-haired bat
Eastern pipistrelle
Bigbrown bat
Seminole bat
Hoary bat
Brzilian free-tailed bat
Swamp rabbit
Eastern chipmunk
Woodchuck
Baird's pocket gopher
Marsh rice rat
Muskrat
Black rat
Norway rat
House mouse
Nutria
Black bear
Long-tailed weasel
Mink
Eastern spotted skunk
River otter
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Abstract
Two freshwater mussel species thought to have been extirpated from Arkansas have recently been rediscovered in the
Ouachita River in the vicinity of Camden. Prior to this survey, Wheeler (1918) last reported Arkansia wheeleri Ortmann
and Walker, the Ouachita rock-pocketbook, and Cumberlandia monodonta (Say), the spectaclecase, from the Ouachita River
near Arkadelphia. Quadrula apiculata (Lea), the southern mapleleaf, has been reported from Arkansas on two occasions,
but due to taxonomic uncertainty, it has not been recognized in recent compilations of Arkansas freshwater mussels.
During this survey, the southern mapleleaf was collected from the Ouachita River which verifies its occurrence within
Arkansas. Quadrula fragosa (Conrad), the winged mapleleaf, is reported as a new state record. Arkansia wheeleri and
Quadrula fragosa are listed as threatened and endangered species, respectively, by the U.S. Fish and Wildlife Service.
Introduction
Vanatta (1910) first reported on the freshwater mus-
sels of the Ouachita River from sites near the Arkansas-
Louisiana border. Wheeler (1918) reported on the fresh-
water mussels of the Ouachita River in the vicinity of
Arkadelphia, Clark County, based on taxonomic determi-
nations provided by L.S. Frierson, A.E. Ortmann and
B.G. Walker. Wheeler (1918) listed forty taxa assignable
to current species recognized by Turgeon et al. (1988)
and Williams et al. (1993). Gordon et al. (1979) summa-
rized freshwater mussel distributional data for Arkansas
and found historical records for 47 species from the
Ouachita River drainage proper.
Materials and Methods
Between 1992 and 1996, 234 person-days were spent
conducting a systematic mussel survey of approximately
233 river kilometers of the mainstem Ouachita River
from its confluence with the LittleMissouri River down-
stream to the Arkansas-Louisiana state line. During this
survey, all habitats considered suitable for mussel aggre-
gations (beds) were searched by Hookah-rig diving and
hand searching the substrate. Mussel beds were defined
as areas greater than 100 meters square (m2) with mean
mussel densities >10/m-. Initial dive searches of potential
mussel bed habitat were conducted in an upstream to
downstream fashion to locate and then define the bed
limits. Width was measured to the nearest meter by
"walking" a weighted, PVC pipe, m- quadrat delineator
acrosss the bed, and bed length was determined to the
nearest meter using a Ranging 1200 Rangematic-MK5 dis-
tance finder. Water depth was measured to the nearest
0.1 m with a Hummingbird depth finder.
Qualitative, semi-quantitative, and quantitative sam-
pling techniques were employed, depending upon mussel
bed size and mussel densities within beds. Divers manual-
ly collected mussels from m- sample areas defined by
PVC pipe quadrat delineators and placed them in nylon
mesh bags for transport to the surface. At the surface,
mussels were identified; measured to the nearest 0.1 mm
for length, width, and depth using vernier calipers; and
massed to the nearest gram (g) using an Ohaus Model
CT6000-S analytical scale. A more detailed discussion of
methodology can be found in Rust (1993) and Christian
(1995).
Results and Discussion
Eight hundred forty-seven m2 samples were collected
during the survey. Thirty-nine mussel species were identi-
fied from a total of approximately 23,500 specimens
examined. A single Arkansia wheeleri was encountered 16
June 1995 at River Mile 334.0 in a mussel bed estimated
to be 200 m long and 13 m wide. At the bed site, the
mean river width was approximately 50 m, water depth
ranged from 5.0-7.0 m, and substrate was composed of
gravel, gravel/sand, and sand. The A. wheeleri specimen
was taken from near the upstream limitof the bed at
approximately mid-channel. The individual was 71.2 mm
long, 54.4 mm deep and 38.3 mm wide with a wet mass of
85 g. Twenty-five randomly selected m2 samples taken
from the bed yielded 584 specimens (x= 23.4, SD = 15.2)
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distributed among 22 species. In addition, one specimen
of the endangered pink mucket, Lampsilis abrupta (Say),
was encountered in this bed.
Wheeler (1918) collected Arkansia xuheeleri from Old
River, an oxbow lake of the Ouachita River near
Arkadelphia, and from the Ouachita River below
Arkadelphia. Harris and Gordon (1987) considered A.
wheeleri as possibly extirpated from Arkansas; however,
Clarke (1987) subsequently located live A. wheeleri in an
eight km reach of Little River downstream of the
Arkansas-Oklahoma border. It was considered endan-
gered in North America by Williams et al. (1993) and
receives protection afforded threatened species by the
Endangered Species Act (USFWS, 1991a). The Kiamichi
River, OK, apparently supports the largest remaining
population of A. wheeleri which was estimated to consist
of approximately 1,000 individuals (Mehlhop-Cifelli and
Miller,1989; USFWS, 1991a).
Clarke (1987) summarized Arkansia wheeleri habitat as
"typically in muddy coves or backwaters adjacent to rif-
fles, or at the least close to areas of moderate to rapid
current". Mehlhop-Cifelli and Miller(1989) and Vaughn
et al. (1993) found that A. wheeleri only occurs in pools
with rock substrate. Vaughn et al. (1993) stated that A.
xuheeleri only occurs in large mussel beds in association
withother mussel species.
The single A. xuheeleri specimen collected during this
survey came from a 2600 m- mussel bed with 21 mussel
species associates. At the Mile 334.0 bed site, the
Ouachita River has an upstream drainage area ofapproxi-
mately 14,500 km2 (Yanchosek and Hines, 1979). The
total watershed of the Kiamichi River, OK, is approxi-
mately 4750 km2,and A. xuheeleri studied by Vaughn et al.
(1993) occurred at six sites with depths ranging from 0.3-
1.2 m. The discovery of A. xuheeleri from the Ouachita
River below Camden, AR, indicates that the species can
occur in larger rivers than previously documented.
Qualitative collections yielded two Cumberlandia mon-
odonta specimens from downstream of the Ouachita -
Little Missouri River confluence. The first specimen was
collected on 24 October 1992 at River Mile375.1 in water
approximately 1.0 m deep with sand/gravel substrate. It
was found under branches of a large, downed tree aproxi-
mately five m from the bank, and mussel densities were
estimated to be <5.0/m'-\ This first specimen measured
148.7 mm long, 52.6 mm deep, and 38.1 mm wide and
had a wet mass of 136 g. The second specimen was col-
lected on 18 July 1993 at River Mile 364.1 in water
approximately 3.0 m deep with gravel, cobble, cracked
rock, and boulder substrate. This specimen was 121.0 mm
long, 46.7 mm deep, and 29.0 mm wide and was also
taken in an area with mussel densities estimated to be
<5.0/m-\
Prior to this survey, Cumberlandia monodonta was
known only from the Ouachita River near Arkadelphh
Clark County (Wheeler, 1918). Harris and Gordon (1987
considered C. monodonta as possibly extirpated fron
Arkansas since no live or relict specimens had bee
recorded since Wheeler's collections. Williams et a
(1993) considered the widespread but uncommon C. mon
odonta threatened within North America.
Quadrula apiculata was collected from multiple site
between River Miles 358.7 and 221.2. A total number o
six specimens was identified as Q apiculata. Quadrul
fragosa was taken from multiple collecting sites betweei
river miles 376.0 and 240.0. Five specimens were ident
fied as Q. fragosa. These species were originally identifiec
as Q. quadrula and placed in composite voucher contain-
ers. Therefore, exact localities are not available for all
specimens. However, vouchers taken from the River Mile
335.5 mussel bed represented both species.
Quadrula apiculata (Say) was recorded (as Q aspera)
from Old River near Arkadelphia by Wheeler (1918)
Cooper (1948) listed Quadrula apiculata as occurring ii
Lake Chicot, Chicot County, AR; however, Harris et a
(1993) did not find Q. apiculata in their survey of Lak
Chicot. Gordon et al. (1979), Harris and Gordon (unda
ed), and Williams et al. (1993) all failed or refused to rec
ognize the southern mapleleaf's occurrence in Arkansas
Vidrine (1993) showed the species occurring in th
Ouachita River drainage inLouisiana.
Quadrula fragosa (Conrad) historically occurred in 1(
(USFWS, 1991b,
1
Williams et al., 1993) to 12 states (Hay e
al., 1995) within the Mississippi, Tennessee, Ohio anc
Cumberland River drainages. When listed as an endan
gered species by the U.S. Fish and Wildlife Service
(1991b), the winged mapleleaf was known to exist in only
a single population in the St. Croix River between north
western WI and east/central MN. Five specimens of Q
fragosa were collected during this survey.
There is considerable taxonomic disagreemen
among malacologists regarding Q. apiculata and Q
fragosa. Electrochemical analyses are underway to eluci
date taxonomic relationships of Q. fragosa and Q. apiculatt
in the Ouachita River drainage, Arkansas.
Conclusions
Arkansia xuheeleri Ortmann and Walker, Cumberlandii
monodonta (Say), and Quadrula apiculata (Say) had no
been reported from the Ouachita River as living speci
mens since the Wheeler (1918) survey conducted fron
1910-1913. Quadrula fragosa (Conrad) has not been previ
ously reported from Arkansas. Our 1992-1996 survey con
firms the continued existence of these four species in
Ouachita River, AR. The addition of Q. apiculata and Q
fragosa to the state molluscan fauna brings the total num
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ber of native unionids recognized in Arkansas to 74
species.
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Electrodeposition of Copper Indium Sulfide
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Abstract
We report on organic solutions ofCuCl 2,InClg, and elemental sulfur for electrodepositing CuIn xSv films. CuInS 2 and
CuInSe 2 are promising solar cell materials; our work on CuInSg prefaces planned work on plating CuInSe 2 from nonaque-
ous solvents. Two promising solvent systems are (1) mixed propylcne carbonate and water and (2) mixed ethylene glycol,
propionic acid, and water (Engelken et al., 1988). Gray-brown films ofCuInxSy (nominally GuInS 2 ) have been plated from
both baths. Major problems include (1) reduction ofCu+2 to Cu and Cu xS by the solvent at high temperatures (T>l()0°C),
hence depleting Cu+2, (2) poor adherence/uniformity, (3) controlling stoichiometry, and (4) sluggish indium deposition.
The paper willdiscuss our routes to solving these problems and present filmdata.
Introduction
CuInS 2 is a ternary I-III-VL2 compound semiconduc-
tor with a direct energy gap (bandgap) of 1.5 eV. It has
potential as a low-cost photovoltaic material for the fabri-
cation of solar cells, although it has yet to demonstrate
the device effectiveness of its sister compound CuInSe 2.
Electrodeposition of CuInS 2 is preferred over some other
deposition techniques because itis cost effective (requir-
ing very simple and inexpensive materials and equip-
ment) and is easy to monitor and control.
A significant amount of research has been performed
over the last decade on the electrodeposition and charac-
terization of CuInSe 2, (Pern et al., 1988; Guillen and
Herrero, 1994; Fritz and Chatziagorastou, 1994; Molin et
al., 1994a; Molin et al., 1994b), but there has been little
work and very few publications (Fearheiley et al., 1993;
Cattarin, Dietz and Lawerenz, 1994; Cattarin, Guerriero
et al., 1994;) on the photoelectrochemistry of CuInS2.
The work reported herein focused on the electrode-
position of polycrystalline CuIn xSy films at temperatures
near 100°C. Several organic solvents were investigated.
The best results were obtained withmixed propylene car-
bonate and water baths and mixed ethylene glycol, propi-
onic acid, and water baths pre-saturated with elemental
sulfur and containing GuCl 2, InCl3, and KC1. A discus-
sion of these results obtained is presented below.
Materials and Methods
The apparatus used in the experiments consisted of
an EG&G Princeton Applied Research Model 362 scan-
ning potentiostat, a Hewlett Packard 7046-B x-y-t
recorder, Pyrex beakers, and a Teflon beaker cover wit
appropriate holes for the insertion of electrodes. Fo
voltammetric analysis and actual deposition, the classica
three electrode approach was used. A 15 cm x 1.0 cm
Poco graphite strip was used as anode and a 5.0 cm x 3.
cm piece of Donnelly ITO(indium tin oxide-coated glass
as cathode. A saturated Ag/AgCl reference electrod
(Fisher Scientific) was also used. Approximately half o
the electrode area ( ~ 7 cm-) was immersed in the soli
don. Other supplies and reagents used included Aldricl
propionic acid (PA), Fluka propylene carbonate (PCT
Fisher sodium citrate, and Alfa/Johnson Matthey sulfui
ethylene glycol (EG), triethylene glycol (Tri-EG), CuCl.
CuNacjEDTA, InGl5,and KC1.
A Rigaku D-MAX x-ray diffractometer was used t<
obtain a plot of intensity vs. goniometer angle (20). The
process gives an indication of the relative crystallinity o
the film samples. A Perkin-Elmer Lambda H
UV/VIS/NIR spectrophotometer was used for optica
absorbance vs. wavelength spectroscopy.
Several different deposition voltages were investigat-
ed in order to find the value at which the most photoac-
tive and probably most stoichiometric films were
obtained. The deposition range was between -0.6 V and
-1.4V, and the deposition time ranged from 10 to 40 min.
(depending upon the temperature). The voltage was
swept from +0.6 V to -1.4 V (Ag/AgCl) during the cyclic
(photo) voltammograms. The deposition temperature (T)
ranged from 8()°G to 120°G (113-120 C being the melting
point of sulfur). The films were rinsed either in iso-
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propanol or water and allowed to dry at room tempera-
ture.
Two different solvent mixtures (withseveral combina-
tions within each) were used as the electrolyte. The differ-
ent mixtures used were (a) propylene carbonate and
water, and (b) propionic acid, ethylene glycol or triethy-
lene glycol, and water. Elemental sulfur was saturated in
the organic solvents at T>113°C prior to the addition of
water. The bath was cooled and 0.0 1M InCl3,0.001 M
CuCl 2, and 0.05 M KC1 (already dissolved in the
required water ) were added to it.The propylene carbon-
ate and the propionic acid/triethylene glycol-based baths
contained 0.015 M sodium citrate, which acted as a metal
ion complexing agent. The propionic acid/ethylene gly-
col-based baths did not contain complexing agents; the
pH of the baths ranged between 2.0 and 2.7. The amount
of water in the propylene carbonate baths was varied
from 5% to 33% by volume, while 15 ml H2O was always
used in the propionic acid/glycol baths. Water was added
to the baths to increase the indium salt solubility, indium
ion concentration and, thus, the electrical current level.
Although the addition of water decreases the elemental
sulfur solubility, it aids not only in the dissociation of the
Results and Discussion
The propylene carbonate (PC)/water mixture that
produced the best results (most uniform and photoactive
films) was composed of 100 ml PC], 0.2 M S, 0.01 M
InCls, 0.001 M CuCl2,0.05 MKC1, 0.015 M sodium cit-
rate, and 10 ml H2O. The solution was pale yellow in
appearance. Thin gray-brown films of CuInxS y were
deposited on ITO between -1.0 V and -1.5 V. The films
were greenish in tint at less negative potentials, indicting
the presence ofCuS. Some mixed green-brown films were
also deposited. Ifthe films were allowed to deposit for
too long of a time, they wouldbecome too thick and flake
off within the solution. The time it took for the films to
grow "too thick" was a function ofthe temperature of the
bath, concentrations of the ions/ electrolytes (especially
water), and hence the electrical current level(s).
Figure 1exhibits an x-ray diffraction (XRD) plot for a
thin brown film deposited from a propylene
carbonate/ water bath a -1.4 V for 10 min at 100 "C. The
filmexhibits both CuInS2 (Fig. la) and CuS (Fig. lb)
XRD structures. Figure 2 presents a cyclic voltammogram
that was run on a comparable solution containing only
InCl3.No distinct deposition structures are seen. A sharp
rise near -1.0 V corresponding to metallic indium plating
is observed and a very small corresponding stripping
peak is observed at -0.8 V (Fig. 2a). With the addition of
0.001 M CuCl2 and 5 ml H2O to the solution, a large-
Goniometer Angle, 2G (Degrees)
Fig. la. X-ray diffraction (XRD) data for a CuInxSy film
electrodeposited onto an ITO-coated glass from a mixed
propylene carbonate and water bath. Vertical lines denote
standard powder diffraction file card peaks for CuInS 2
Fig, lb.XRD data for the same filmas in Fig. la, with the
vertical lines denoting standard powder diffraction file
card peaks fro CuS ((5-464). The result indicates the pres-
ence ofboth CuInS2 and CuS phases in the film.
metallic Cu deposition peak and smaller stripping peaks
appear (Fig. 2b).
The major problems laced were (a) poor adher-
ence/uniformity of the film,(b) controlling stoichiometry
(green CuS, brown Cu 2_xS, and golden In2S3 patches were
sometimes present), (c) sluggish indium deposition (as
evidenced by the presence of a greenish CuS color in/on
the filmeven at highly negative deposition potentials),
and (d) browning of the solution at higher temperatures
due to the reducing properties of the solvent and sponta-
neous formation of Cu-S and/or Cu-In-S precipitates
which depleted the copper ions.
The results obtained with propionic acid (PA), tri-
ethylene glycol (Tri-EC), and water mixtures were not
very encouraging. Tri-EC, a very strong reducing agent at
high temperatures, reduced Cu2+ to Cu and Cu xS, hence
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Fig. 2a. Cyclic voltammogram (I-Vplot) showing Inplat-
ing and stripping from a mixed propylene carbonate and
water bath (presaturated with elemental S) on an ITO-
coated glass.
Scale: X axis: 0.2 V/in Y axis: 0.2 mA/in
Scan rate: 5 mV/s Range: +0.6 V to -1.3 V
Temperature: 95 °C
Fig. 2b. Cyclic voltammogram (I-V plot) showing primari-
ly the Cu waves from a mixed propylene carbonate and
water bath (presaturated with elemental S) on an ITO-
coated glass substrate.
Scale: X axis: 0.2 V/in Y axis: 0.2 mA/in
Scan rate: 5 mV/s Range: +0.6 V to -1.3 V
Temperature: 95 C
depleting Cu 2+. Even though the ratio of Cu:In was 1:10,
the films deposited were Cu-rich, as willbe evident from
the x-ray diffractometry plots presented later. The
absence of peaks during XRD in most of the films indi-
cated their amorphous nature. Often, a white, foamy,
polymer-like filmwas observed on the film/substrate;
this was probably an organic product.
A mixture of PA, ethylene glycol (EG), and HL,O in
the ratio 8:1:1 by volume has produced the best results to
date. Gray-brown films were electrodeposited from the
above mixture in the voltage range of -0.5 V to -0.8 V.
XRD of a uniform brown film electrodeposited at -0.8 V
for 30 min. at 90 C produced matches with the standarc
powder diffraction file lines for two different phases o:
CuInxS.. (CuInS 2 and CuIni,S 17 (Fig. 3)). CuS was not
indicated at all in this film.An optical spectrophotometei
plot of absorbance vs. wavelength for another film
deposited at -0.7 V for 30 min. at 100°C shows a sharp
rise near 800 nm, which correlates with the wavelength
associated with CuInS 2 's bandgap of 1.5 eV (Fig. 4)
Voltammetry of the bath exhibits three cathodic
deposition structures at -0.15 V (CuxS), -0.55 V (CuInS 2),
and -1.0 V (beginning of metallic indium plating). Indium
and copper stripping peaks are also observed (Fig. 5a). hi-
silu photocurrents were observed when photovoltamme-
try was performed at room temperature. Their magni-
tude was the largest from -0.6 V to -0.8 V, which corre-
sponds to the CuInS 2 plating region (Fig. 5b). At high
temperatures the magnitude of the background currents
was so large that the photocurrents could not be dis-
cerned.
Fig. 3. XRD data for a CuIn xSv film electrodeposited
from a mixed propionic acid, ethylene glycol, and water
bath at -0.8 V. The vertical lines denote standard powder
diffraction file card peaks for CuInnS l7 (34-797). The
result indicates the presence of both CuInxSy and CuS
phases in the film.
Note that the photocurrents increase substantially at
the shoulder of the second cathodic "wave" beginning at
-0.55 V. Note that this wave exhibits typical diffusion
peaking and limiting behavior, as does the CuxS plating
wave at -0.15 V. Allindications are that this is where the
underpotential plating of indium commences positive of
the metallic indium plating potential (== -1.0 V) due to the
activity reduction provided via chemical reaction with the
Cu and S to form Cu-In-S, In-S, and Cu-In phases. Since
the indium ion concentration is much larger than that of
copper, one might expect the indium plating to either
"track" the cathode surface sulfur or copper concentra-
tions and diffusion-limited currents or discharge fluxes,
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Fig. 4. Plot of optical absorbance vs. wavelength for a film
Lelectrodeposited from a mixed propionic acid, ethyleneglycol, and water bath at -0.7 V. The absorption edge near800 nin corr sponds to CuInS^ s 1.5 eV bandgap.
Fig. 5a. Cyclic voltammogram (I-Vplot) showing the Cu,
CuInS2,and In waves for a solution containing 120 ml
ethylene glycol (presaturated with 0.2 M S), 15 ml propi-
onic acid, 10''M CuCl2> 10-M InCl3,5xl()'-'MKC1, and 15
ml H20.
Scale: X axis: 0.2 V/in Y axis: 0.2 mA/in
Scan rate: 2 mV/s Range: +0.6 V to -1.4 V
Temperature: 22 C (room T)
with the smaller set probably the rate/discharge deter-
mining factor(s). For example, if the surface sulfur con-
centration and/or reaction rate (with the metals) were
sufficiently low, one might expect the In to plate only in
the presence of Cu or S atoms to form CuInS.,, with
excess Cu existing as a separate phase. The Cibb's free
energy associated with Cu-In metallic alloys might sup-
port some underpotential plating ofInin the presence of
Cu but not as facilely as in the presence of both Cu and S.
In this case one might obtain a CuInS L,:CuxInv mixed
phase with grains of CuInS., or closely related phases
appearing in X-ray diffractrometry.
Fig. 5b. Cyclic photovoltammogram (I-V plot) showing
the Cu, CuInS 2,and In waves for the same bath as in Fig.
5a.
Scale: X axis: 0.2 V/in Y axis: 0.1 mA/in
Scan rate: 2 mV/s Range: +0.6 V to -1.4 V
Temperature: 22 C (room T)
Figures 6a and 6b exhibit scanning electron micro-
graphs of a typical CuInxSv sample at two different mag-
nifications (5 kX and 20 kX, respectively). Note the dis-
tinct grains roughly 0.2 to 0.5 microns inbreadth. Table 1
exhibits the corresponding energy dispersive X-ray (KDX)
analysis after a portion of the film was removed from the
ITO-on-glass substrate by the "tape-and-peel" method to
avoid interference from the indium and other elements in
the ITO. Note that the film is both a bitcopper rich and
sulfur deficient, as is not surprising because the copper is
more facile in plating than the indium, and the copper is
able to plate by itself at the -0.6 to -1.0 V range used for
deposition (i.e. Cu does not require the presence ofIn or
S to plate in an "underpotential" mode even though In
does require at least one of the other two elements to
plate at this voltage). Note that the Cu(U1,;:iIn()il<,7,,S 0;ls:,,,
can be expressed as Cuo.i9 SoIno.i93oSo.3 859:Cu0.2233In0.0049;
that is CuInS._, with excess Cu metal since the S atomic
percentage is almost twice that of In, as in CuInS.,.
Similar data for another CuInxSy filmis shown in Figures
7a, 7b, and Table 2 with the same trends occurring, and a
possible mixture composition of Cu() l:.((l((In0 1866^0.2732'
Cu0.3404S0.n32 probably indicates a mixture of CuInS2,
CuxSv and Cu. Cu-rich CuInxSy phases tend to be p-type,
which is consistent with the predominantly cathodic pho-
tocurrents observed during photovoltammetry.
Note that the photocurrent magnitudes increase
again as the currents begin to increase near the metallic
In wave near -1.0 V as more indium begins to be dis-
charged due to the increasing electrical energy available.
It is likely that additional CuInS 2 and InxS, (versus solely
non-photosensitive Cu or CuxS) are being plated in this
region; that is, the film is losing its gross Cu-richness and
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Fig. 6a. Scanning electron microscopy (SEM) data for a
CuInS 2 film electrodeposted from a mixed propionic
acid, ethylene glycol, and water bath at -0.7 V. The 5kX
magnification enables one to observe the uniform nature
of the film.
Fig. 6b. SEM data for the same filmas in Fig. 6a, with a
20kX magnification factor that clearly shows the polycrys-
tallinenature of the film.
p-type nature and approaching intrinsicity.
The films deposited from this solvent were relatively
uniform (as compared to those from propylene carbonate
and other baths) and adherent. There was no chemical
degradation of the solvent at high temperatures. Effective
indium plating was observed and CuClc, did not convert
to CuxS in solution since EG is not a very strong reducing
agent and H+ ions in the bath tend to redissolve any sus-
pension that is formed. The uniformity of the films might
Fig. 7a. SEM date for a CuIn xS v film electrodeposted
from a mixed propionic acid, ethylene glycol, and water
bath at
-0.6 V. The 5kX magnification enables one to
observe the nonunifoi mities in the filmcrystals.
Fig. 7b. SEM data for the same filmas in Fig. 7a, with a
2()kX magnification factor.
be further improved by reducing the reaction rate with
the help ofcomplexing agents.
Conclusions
Gray-brown polycrystalline GuIn xS v (nominally
GuInS 2) films were successfully electrodeposited from
mixed propylene carbonate and water baths and propi-
onic acid, ethylene glycol, and water baths. The films,
especially with the latter bath, were uniform and adhered
well to the surface of the ITO. In-silu photocurrents were
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Table 1
Energy dispersive X-ray (EDX) analysis for the film in
Figure 6a.
KV=1().() TILT=30.0 TKOFF = 28.4
BKG PT1 = 4.2 BKG PT2 =7.0
CONCENTRATION
WT% AT% %S.E.
CUL 42.98 41.63 2.24
SK 20.10 38.58 1.35
INL 35.93 19.79 2.50
Table 2
Energy dispersive X-ray (EDX) analysis for the filmin
Figure 7a.
KV= 1().() TILT=30.0 TKOFF = 28.4
BKG PT1 = 4.2 BKG PT2 = 7.0
CONCENTRATION
WT% AT% %S.E.
CUL 51.91 47.70 2.12
SK 21.22 38.64 1.50
INL 35.93 13.66 3.50
)bserved, and the best voltage for the deposition of the
ilms was observed to be between -0.6 V and -0.8 V
Ag/AgCl). Future work willinvolve further improve-
ment in the uniformity of the films, attempts to obtain
perfectly stoichiometi ic CuInS 2 films, and electrodeposi-
tion of CuInSe^ films for which this process is a precur-
sor. We plan to form n-CdS/p-CuInX 2 (X = S, Se) solar
cells completely through high temperature electrodeposi-
ion processes as part of our work in the Arkansas
\dvanced Photovoltaic Materials Research Center under
he AR/NASA EPSCoR program.
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Abstract
Recent collections of the Arkansas endemic crayfish, Cambarus causeyi Reimer, have yielded important information
concerning its distribution and habitat within the state. New locations and county records are enumerated, habitat prefer-
ences discussed, and status of this heretofore rare crayfish species is clarified.
Introduction
Cambarus causeyi Reimer is a state endemic (Robison
and Bouchard, 1980; Robison and Smith, 1982; Robison
and Allen, 1995), occurring only in the upper elevations
of the Boston Mountains subdivision of the Ozark
Mountain physiographic province in Arkansas. Previous
to this study, collections by Robison and the late Dr.
Horton H. Hobbs (Smithsonian Institution) had yielded
only six localities of C. causeyi in two counties (Pope and
Stone) in Arkansas since its discovery by Dr. Hobbs in
1941 and its original description by Reimer (1966). This
paucity of known locations had rendered C. causeyi one
of our rarest state animals.
The present study was initiated in 1992 to delimit the
precise distribution, abundance, status and habitat of C.
causeyi and further, to gather life history information
about this enigmatic state inhabitant.
Methods and Materials
Cambarus causeyi is considered a primary burrower of
the Boston Mountains and is never found in open water;
thus, attempts to collect with traditional seining of
streams is ineffective. Digging ofburrows with shovel and
trowel, though sometimes onerous, has proven quite suc-
cessful in previous field work and was utilized in this
study. Specimens were preserved in 70% isopropyl alco-
hol and placed in the Smithsonian Institution Crayfish
Collection or retained in a voucher collection in the
Pleasant HillRanger District Office, Clarksville, AR after
identification and careful study ofindividual variation.
Generally, to correctly identify a species of a particu-
lar crayfish, first form males (males in reproductive con-
dition) must be collected for comparison of reproductive
structures. Female and juvenile male specimens many
times do not yield positive identifications. However,
because Cambarus causeyi is so morphologically distinc-
tive, juveniles and female specimens can be positively
identified rather easily.
Field work was conducted from April, 1992 to
February, 1995. Much of the collecting took place during
the early and late spring when moisture levels were opti-
mal.
Allof the former known collection localities oi
Cambarus causeyi were re-visited in 1992-94 in an attempt
to determine ifpopulations stillexisted. Collection
efforts were primarily centered in the Boston Mountains
in and around Johnson, Newton, Pope, Stone anc
Madison counties.
In addition, museum records of the Smithsonian
Institution were examined for additional specimens of C.
causeyi. Allprevious literature dealing with C. causeyi was
consulted, and distributional information was utilized.
Results and Discussion
Habitat Description. —Cambarus causeyi is a primal")
burrowing crayfish, i.e. it spends most of its life inhabit
ingburrows, rarely venturing out except occasionally dur
ing the reproductive period. Hobbs (1989) commentec
that its habitat was streams and complex burrows.
This study has shown that C. causeyi is an inhabitant
ofcomplex burrows inupland environs. Burrows are typi
cally shallow, but one ofus (GL) collected two individuals
from the same burrow, a male located 76.2 cm deep anc
a female 180.3 cm deep. Occasionally, when there is a
lack of soil in the area inhabited, C. causeyi actuall)
removes small pieces of slate and deposits these pieces at
the mouth of its small burrow openings. Cambarus causeyi
also lives beneath rocks in wet soil where it tunnels, espe-
cially in intermittent mountain seepage areas. In some
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Iises to extract specimens, a large rock or boulder had to2 moved and the area beneath often was so wet that anger was all that was needed to follow the tunnel toctract the specimens.(One female specimen was collected on 25 April 1992Madison County from a rather unusual habitat type,lthough there were several burrows with numerouseces of slate at their mouths, no specimens could be
:tracted. Instead, a small (7.6-25.4 cm), shallow (5.1-12.7
cm) rivulet running along the side of the road from vari-
ous seepage areas coming out of the side of the mountain
was dip-netted. A single, extremely reddish female speci-
men was captured in the deepest part of the small rivulet,
tshe tried to escape the net. The discovery of a femaletside of the burrow may indicate that C. causeyi may
occasionally leave the burrow to forage in an adjacent
small waterway, given the rocky nature of the habitat and
possible lack of available foods in the rocky burrow. In
one instance earlier in 1980, the senior author (HWR)
collected a single individual from small gravel and water-
cress (Nasturtium officinale) in a spring inStone County by
hand.
IThere appears to be a good correlation in this studytween C. causeyi and burrows containing isopods andlphipods. Whether C. causeyi is utilizing the same food
resources or feeding on the isopods and amphipods or
toth is not clear. C. causeyi was never found in burrowsi out isopods and/or amphipods during this study.
Cambarus LifeHistory Cycle.
—
Like other crayfishes,
Cambarus causeyi exists in two morphological forms dur-
ing the year. Form Imales are males inreproductive con-
dition in which one of the terminal elements of the
gonopods (first pleopods) is corneous. Form IImales are
essentially non-reproductive males. During the mating
season, formImales seek out receptive females for mat-
ing.
Table Ipresents data from 42 of the 47 collections of
causeyi taken during our study. A total of 13 form I
ales, 25 form IImales, and 30 females were used to
ssess sex and reproductive condition (Table 1). Form I
ales were found in seven months including May,
ctober, and December when no form IImales were col-
ected. Non-breeding males (form II)predominate in
arch, but are equal or greater in February, April,June,
uly, August, September, and November.
IWhile these data on mating period are difficult toterpret, mating probably occurs in C. causeyi betweenscember and February (Table I), as four form Imales;re found during that period, and by March, six of theven males collected were in form II.However, form Iales were found untilMay and even inJuly (Table 1).
t After oviposition by the female, eggs are attached tor abdomen, and she is said to be "inberry" or oviger-s. A single ovigerous female was found on 9 July 1996
in a shallow burrow. This specimen represents the first
ovigerous C. causeyi specimen ever found. Eggs are car-
ried a number of weeks until they hatch. No females car-
rying young or juveniles were captured during this study.
Richard Baker (pers. comm.) kept a single female C.
causeyi in an aquarium for over a year, and it did not molt
to his knowledge. It finally molted on 23 November 1996.
Distribution and Abundance.
—
Cambarus causeyi is an
Arkansas endemic crayfish (Robison and Allen, 1995)
and the only member of the genus other than the two
troglobitic cave forms (Cambarus zophonastes and C. acula-
brum) to have its distribution centered entirely within
Arkansas (Fig. 1). It was described originally by Reimer
(1966) from three collections, the first of which was col-
lected inJuly, 1941, taken in Pope County by Dr. Hobbs.
In his checklist of American crayfish Hobbs (1989) noted
the distribution of C. causeyi as "known only from the
Arkansas River basin in Pope County, Arkansas." Reimer
(1966) described this species from a spring and natural
pond 6.4 km west of Sandgap, Pope Co., AR on St. Hwy.
124. Some clarification is necessary as Sandgap's name is
now Pelsor and the highway is actually St. Hwy. 123, not
124.
Cambarus causeyi has been previously considered
extremely rare in Arkansas and has only been collected
six times from 1941-1986 from four localities in Pope
County and once in Stone County previous to this study.
Correspondence with Dr. Hobbs revealed that only nine
specimens of C. causeyi had ever been collected prior to
our study, all of which were deposited in the Smithsonian
Institution Crayfish Collection. This paucity of historic
speciemens had led investigators to consider C. causeyi as
one of the rarest crayfishes in the state prior to this study.
During this study 87 individuals were captured in 47
collections from 40 different localities, and five new
counties were added to the known distributional range of
Cambarus causeyi, namely Madison, Johnson, Franklin,
Newton, and Searcy counties. Cambarus causeyi was most
abundant in Johnson County where 67 specimens were
captured followed by Pope County with eight specimens,
Newton County with six, Madison and Franklin counties
with two each, and Search and Stone counties each pro-
ducing one specimen. Specimens of C. causeyi were col-
lected in every month except January (Table 1). The
greatest number of individuals taken during the study
was in April(22 specimens) (see data below).
The following are the known distributional localities
of the crayfish, Cambarus causeyi, by county, locality, date
of collection (ifknown - day, month, year), number of
specimens collected, and museum number, ifavailable.
FRANKLINCO. :4 mi. E. of Cass (Sec. 22, T12N,
R26W). no date available. 1 spec; 4.5 mi. E. of Cass (Sec.
27, T13N, R26W). no date. 1 spec. JOHNSON CO.:
Spring 15 mi. N.of Clarksville, AR. 25/05/93. 3 spec; N.
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Carrying Young, and Juveniles in 42 Arkansas Collections ofCambarus causeyi.
Number of Collections with
No.
Coll.
Form I
Males
Form II
Males
Fema les Ovigerous
Females
Females
with
Young
'
Month
January 0 0 0 0 0 0 0
February 4 2 2 1 0 0 0
March 8 16 9 0 0 0
April 8 3 5 5 0 0 0
May 3 3 0 2 0 0 0
June 3 0 2 3 0 0 0
July 6 14 4 1 0 0
August 3 0 3 2 0 0 0
September 3 0 2 2 0 0 0
October 110 0 0 0 0
November 2 0 1 1 0 0 0
December 12 0 1 0 0 0
TOTALS 42 13 25 30 1 0 0
of Clarksville. 12/04/94. 2 spec; Abner Hollow Spring
(Sec 18, T13N, R25W). 30/04/92. 1 spec; Same loca-
tion. 11/05/92. 1 spec; Same location. 27/07/92. 1spec;
McKay Bog (Sec. 25, TUN, R23W). 25/05/93. 2 spec;
Foot Print Spring (Sec. 25, TUN, R23W). 27/07/92. 3
spec; East Foot Print Bog (Sec. 25, TUN, R23W).
01/07/92. 1 spec; North of Arbaugh R-stream (Sec. 9,
T12N, R24W). 01/07/92. 1 spec; Middle Ridge Spring
(Sec. 29, T12N, R24W). 31/08/92. 3 spec; Same loca-
tion. 24/06/93. 5 spec; Same location. 16/09/92. 3
spec; Locked gate L.G. Stream (Sec. 33, T12N, R24W).
17/09/92. 1 spec; Clara HillStream (Sec. 3, T12N,
R24W). 08/03/92. 1 spec. Phillips Farm Stream (Sec 32,
T12N, R25W). 03/08/92. 3 spec; Same location.
23/03/93. 2 spec; Same location. 23/09/92. 1 spec;
Same location. 24/08/92. 1 spec; Dry Hollow Spring
(Sec. 23, T12N, R24W). 03/02/93. 3 spec; Morgan
HollowSpring (Sec. 18, T12N, R23W). 04/02/93. 1 spec;
Long Creek Spring (Sec. 35, TUN, R23W). 23/02/93. 1
spec; Mt. Pleasant Spring (Sec. 15, T12N, R23W).
24/03/93. 2 spec; Same location. 25/03/93. 1 spec; FSR
1405 stream below id. c. (Sec. 11, T12W, R23W).
23/03/93. 1 spec; FSR 1405, spring (Sec. 14, T12W,
R23W). 08/04/93. 7 spec; FSR 1417, spring (Sec. 14,
T12W, R24W). 14/07/93. 1 spec; Turkey HillSpring
(Sec. 35, T12N, T24W). 14/07/93. 1 spec; ClifftySpring
(Sec. 15, T12N, R23W). 24/03/93. 1 spec; Dip Vat
Spring (Sec. 23, T12N, R25W). 01/03/94. 3 spec; Young
Point Spring (Sec. 20, TUN, R23W). 24/02/95. 5 spec;
Oark Spring (Sec. 36, T12N, R25W). 01/06/95. 2 spec;
Hargis (Sec. 25, T12N, R25W). 14/11/95. 2 spec; Whit
Road Spring (Sec. 21, TUN, T22W). 10/07/96. 1 femal
in berry. MADISON CO.: Roadside seepage on St. Hw
16, 3.1 mi. S. ofjet. ofSt. Hwys. 16 and 23 and 0.4 mi. W
of Dutton. 25/04/92. 1 spec; Freewill (Sec. 10, TUN
R23W). 18/04/95. 1 spec. NEWTON CO.: spring, 16 m
E. Fallsville (Sec. 24, T13N, R24W). 23/09/92. 1 spec
Same location. 08/04/93. 4 spec; Mossville (Sec. 2
T14N, R23W). 23/04/96. 1 spec. POPE CO.: TYP
LOCALITY.A spring and natural pond, 4 mi. W. o
Sandgap (=Pelsor), AR on St. Hwy. 124 (=123). 1963
Holotype: Form one male (USNM 116678); Allotypi
female (USNM 116679); mountain spring, 20.5 mi. S. c
Newton Co. line on St. Hwy. 7. 30/07/41. 1male formI
(USNM 144339); Stream on St. Hwy. 164, 1.8 mi. NW (
jet. of St. Hwy. 7 and 164. 16/04/73. 1 male form I
(USNM 144603); Roadside seepage area and sma
stream, 9.4 mi. S. of Newton Co. line on St. Hwy. 7
16/04/73. 1 male form I,1 female (USNM 144601
Roadside seepage, 21.8 mi. S. of Newton Co. line on S
Hwy. 7 16/03/86. 1 female (USNM 219057); Seepag
area and small creek, 21.8 mi. S. of Newton Co. line o
St. Hwy. 7. 16/04/73. 1 female (USNM 144602)
SEARCY CO.: ca. 3 mi.S. of Witt Springs (Sec 36, T13N
R18W). 20/03/94. 1 spec. STONE CO.: Spring a
Meadowcreek, near Fox, AR. 05/03/80. 1 spec.
Conservation Status.
—
The conservation status o
Cambarus causeyi has been in doubt. The Arkansas Natur
Heritage Commission listed C. causeyi as SI indicating ai
extremely rare condition, typically with five or fewer est
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Fig. 1. Distribution of Cambarus causeyi in Arkansas. Triangle represents type locality; circles represent locations where col-
lected.
mated occurrences in the state based on previous collec-
tions of Robison and Hobbs. Because of the specimens
collected during this study, itis our belief that this species
should be given a status of "special concern." This should
be monitored in the future to ascertain populations lev-
els, but we believe it is not currently threatened or endan-
gered. Taylor et al. (1996) used our data which are pub-
lished herein to denote C. causeyi as "special concern" in
their recent comprehensive list of the conservation status
of crayfishes of the United States and Canada.
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GENERAL NOTES
The Desmids (Conjugatophyceae) from Arkansas
Jennifer A.Akinand Richard L.Meyer
Department of Biological Sciences
University of Arkansas at Fayetteville
Fayetteville, AR72701
Introduction
Sevei al algal records for the state of Arkansas have
formerly been reported. These published works include
the Cyanophyceae, Chrysophyceae, Bacillariophyceae,
Chlorophyceae, Dinophyceae, Euglenophyceae (Hoffman
and Causey, 1952), Conjugatophyceae, Xanthophyceae,
Cryptophyceae, Rhodophyceae (Meyer, 1969; Meyer et
al., 1970), the loricate Chrysophyceae (Meyer, 1971), and
the scaled Chrysophyceae (Andersen and Meyer, 1977). A
list of the Cyanophyceae also has been distributed by
Meyer through the Arkansas Academy of Science flora
and fauna series.
Through additional research previously unreported
and new Conjugatophyceae taxa have been observed.
These observations have been joined with those previous-
ly reported for a complete list of the known desmid flora
of Arkansas. This paper presents a current inventory of
the desmid flora (Conjugatophyceae) collected in the
Ozark and Salem Plateaus and adjacent regions in
Arkansas. Desmid taxa previously reported by Meyer
(1969), Meyer et. al., (1970), and Hoffman and Causey
(1952) are denoted by a (1), (2), and (3) respectively.
The majority of the newly reported desmids were col-
lected within islands of vascular vegetation, as the meta-
phytic subcommunity, from diverse communities; ponds,
pools, and lakes. This subcommunity is defined by Round
(1965) as the algae which are in close association with
vegetation but not stringently attached to the macro-
phytes or euplanktonic. Additional taxa from the
euplanktonic or open water subcommunity are included.
The classification of most of the Actinotaenium and
Staurodesmus follows the nomenclature of Teiling (1954,
1948). Allother taxa follow the nomenclature of Prescott
etal., (1972, 1975, 1977, 1981a, 1981b, 1981c).
This paper lists a total of 191 species and 128 vari-
eties formerly unreported for the state. Newly reported
taxa of 10 Mesotaeniaceae and 237 Desmidiaceae are pre-
sented. Sixteen new combinations of Staurodesmus are
established.
Acknowledgements. — The authors express great
appreciation to the undergraduate and graduate students
in phycology classes and laboratories for their many con-
tributions to this collection.
Class Conjugatophyceae
Order Mesotaeniales
Family Mesotaeniaceae
Cylindrocystis crassa v. elliptica West et West 1895
Cylindrocystis Brebissonii Meneghini 1838
Gonatozygon aculeatum Hastings 1892 3
Gonatozygon kinahani (Archer) Rabenhorst 1868
Gonatozygon monotaenium v. mono/annum I)e Bary 1858 ex
Rabenhorst
Gonatozygon pilosum Wolle 1882
Netrium digitus (Ehrenb.) It/.igson et Rothe 1856 ex
Rabenhorst
Roya anglica f. major N.Carter 1935
Roy a anglica West 1920 ex Hodgetts
Spirotaenia condensata Brebisson 1848 ex Ralfs
Spirotaenia minutissima Walton 1930
Order Desmidiales
Family Desmidiaceae
Actinotaenium australe (Racib.) Croasdale 1981
Actinotaenium subglobofum (Nordst.) Teiling 1954
Actinotaenium Wollei (Gronbl.) Teiling 1954
Actinotaenium trachypolum (West et West) Teiling 1954
Actinotaenium trachypolum x.Messikommeri Teiling 1954
Arthrodesmus convergens Ehrenberg ex Ralfs 1848
Arthrodesmus extensus (Borge) Hirano 1957
Arthrodesm us mich iganensis J(>hnson 1895
Arthrodesmus minor Turner 1892
Arthrodesmus octocornis Ehrenberg ex Archer ex Pritchard
1861 3
Arthrodesmus octocornis v. tennis Irenee-Marie 1954
Arthrodesmus subulalus v. subulatus f. incrassatus Scott et
Prescott 1958
Bambusina Brebissonii v. Brebissonii f. Brebissonii Kutzing
1945
Closterium abrupt urn v. abrupt urn West 1892
Closterium abrupt urn v. canadense Bourrelly 1966
Closterium abruption v. ma jus Huber-Pestalozzi 1928
Closterium acerosum (Schrank) Ehrenberg 1828
Closterium acerosum v. angustius Hughes 1950
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Closterium aciculare v. aciculare f.aciculare T. West 1860
Closterium acutum (Lyngebye) Brebisson ex Ralfs 1848
Closterium acutum v. tenuius Nordstedt 1888
Closterium acutum v. variabile (Lemm.) Krieger 1937
Closterium angustatum x. augustatum Kutzing 1845
Closterium archerianum f. archerianum Cleve ex Lundell
1871
Closterium Baillyanum v. Baillyanum f. crassa Irenee-Marie
1959
Closterium balmacarense Turner 1893
Closterium ceratium Perty 1852
Closterium cornu v. minor Irenne-Marie 1952
Closterium costatum Corda 1835
Closterium costatum v. dilatatum (West et West) Krieger
1937
Closterium costatum v. subcostatum (Nordst.) Krieger 1937
Closterium costatum x. Westii Cushman 1905
Closterium Delpontei (Klebs) Wolle 1885
Closterium dianae Ehrenberg 1838
Closterium dianae v. brevius (Wittr.)Petkoff 1910
Closterium didymotocum (Corda) Ralfs 1948
Closterium eboracense (Ehrenb.) Turner 1886
Closterium Ehrenbergii v. Michailovshoense Elenkin 1914
Closterium gracile v. gracile Brebisson 1839
Closterium idiosporum West et West 1900
Closterium incurvum f. incurvum Brebisson 1856
ClosteriumJenneri Ralfs 1848
Closterium iagoense Nordstedt 1870
Closterium libellula v. libellula Focke 1847
Closterium lineatum v. lineatum Ehrenberg 1835
Closterium lunula (Mull.)Nitzsch 1817
Closterium lunula x. lunula f.gracilis Messikommer 1935
Closterium lunula v. Massartii (Wildem.) Krieger 1937
Closterium moniliferum (Bory) Ehrenberg 1838 3
Closterium moniliferum x. moniliferum (Bory) Ehrenberg
1838
Closterium navicula (Breb.) Lutkemuller 1902
Closterium parvulum x. mains West 1901
Closterium parvulum v.parvulum Nageli 1849
Closterium parvulum v. TayloriiJackson 1971
Closterium parvulum v. tortum (Griffiths)Skuja 1948
Closterium pseudodianae Roy 1890
Closterium pseudolunula x. major Irenee-Marie 1954
Closterium pseudolunula v.pseudolunula Borge 1909
Closterium Ralfsii x. grac/lius (Maskell) Krieger 1937
Closterium Ralfsii x.Ralfsii Brebisson ex Ralfs 1848
Closterium rostratum v. extension Prescott 1981
Closterium setaceum x. setaceum Ehrenberg 1835
Closterium striolatum x. erectum Klebs 1879
Closterium subfusiforme Messikommer 1951
Closterium tumidum Johnson 1895
Closterium ulna x. ulna Focke 1847
Closterium venus v. apollonionis Croasdale 1965
Closterium venus v. venus Kutzing 1845
Cosmarium abbreviatum v. minus (West et West) Krieger et
Gerloff 1969
Cosmarium Arnelliix. notation Gronblad 1956 •
Cosmarium bioculatum v. depressum (Schaarschm.)
Schmidle 1894
Cosmarium Boechii Wille 1880
Cosmarium botrytis (Menegh.) Ralfs 1848 3
Cosmarium botrytis v. canadense Irenee-Marie 1955
Cosmarium candianum Delponte 1877
Cosmarium clepsydra v. nanum Scott et Gronblad 1957
Cosmarium contractum v. contract urn Kirchner 1878 3
Cosmarium contractum v. maximum West et West 1896
Cosmarium contractum v. ornatum Forster 1972
Cosmarium contractum v. rotundalum Borge 1925
Cosmarium costatum Nordstedt 1875
Cosmarium cucumis Corda ex Ralfs 1848
Cosmarium cuneatutn Joshua 1886
Cosmarium dentatum v. dentatum f. dentatum Wolle 1876
Cosmarium dentatum v. ornatum Scott et Gronblad 1957
Cosmarium depression (Nag.) Lundell 1871
Cosmarium depressum v. achondrum (Boldt) West et West
1905
Cosmarium dispersum f.dispersum Johnson 1895
Cosmarium emarginatum West et West 1895
Cosmarium formosulum v. Nathorstii (Boldt) West et West
1908
Cosmarium galeritum v.galeritum Nordstedt 1870
Cosmarium galerHum v. subtumidum Borge 1903
Cosmarium granatum Brebisson ex Ralfs 1848
Cosmarium impressulum Elfving 1881
Cosmarium Kjellmanii Wille 1879
Cosmarium latipyramidatum Scott et Gronblad 1957
Cosmarium levinotabile Croasdale 1981
Cosmarium logiense f.expansa West et West 1912
Cosmarium Lundelli x. ellipticum West et West 1894
Cosmarium minutissimum Archer 1877
Cosmarium modeslum West et West 1898
Cosmarium monomazum v.polymazum Nordstedt 1873
Cosmarium monomazum v. tristichum West et West 1898
Cosmarium montreale nse Croasdale 1981
Cosmarium ochthodes Nordstedt 1875
Cosmarium ovale v. Prescotti Irenee-Marie 1938
Cosmarium pachydermum v. aethiopicum West et West 1905
Cosmarium pachydermum v. pachydermum f. parvum
Croasdale 1981
Cosmarium pachydermum v. pusillum Irenee-Marie 1952
Cosmarium phaseolus v. elevalum Nordstedt 1873
Cosmarium phaseolus x. phaseolus f. phaseolus Brebisson ex
Ralfs 1848
Cosmarium portianum v. orthostichum Schmidle 1893
Cosmarium portianum v. portianum f. portianum Archer
1860
Cosmarium praegrandiforme v. praegrandijorme Schmidle
1898
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Cosmarium protractum v. protractum (Nag.) De Bary 1858
Cosmarium pseudobroomei v. pseudobroomei Wolle 1884
Cosmarium pseudoprotuberans Kirchner 1878
Cosmarium pseudoquadratulum v. pseudoquadratulum
Prescott et Scott 1952
Cosmarium pyramidatum Brebisson ex Ralfs 1848
Cosmarium quadratum Ralfs 1848
Cosmarium quadripapillalum Scott et Gronbald 1957 3
Cosmarium quadrum v. quadrum Lundell 1871
Cosmarium rectangulare Grunow ex Rabenhorst 1868
Cosmarium regnellii v. regnellii Wille 1884
Cosmarium reniforme v. alaskanum Croasdale 1956
Cosmarium reniforme v. reinforme (Ralfs) Archer 1874
Cosmarium sexangulare v. sexangulare Lundell 1871
Cosmarium speciosum Lundell 1871
Cosmarium subimpressulum Borge 1894
Cosmarium subtumidum v. subtumidum Nordstedt ex
Wittrock et Nordstedt 1878
Cosmarium succisum v.Jaoi Krieger et Gerloff1962
Cosmarium taxichondrum Lundell 1871
Cosmarium tenue Archer 1868
Cosmarium tinctum v. subretusum Messikommer 1942
Cosmarium transitorium (Heimerl) Ducellier 1918
Cosmarium tuddalense v. americanum Krieger et Gerloff
1962
Cosmarium TurpiniiBrebisson 1856
Cosmarium undulatum Corda ex Ralfs 1848
Cosmarium viride v. compression Taft 1945
Cosmarium luembaerense Schmidle 1898
Desmidium Baileyi (Ralfs) Nordstedt 1880 1, 3
Desmidium Crevilliiv. Grevillii(Kutz.) De Bary 1858
Desmidium quadrangulatum Ralfs 1845
Desmidium Swartzii (C.A.Ag.) G.A. Agardh ex Ralfs 1848
1,3
Desmidium Swartzii v. amblyodon (Itzigs.) Rabenhorst 1863
Euastrum abruptum v. lagoense (Nordst.) Krieger 1937
Euastrum abruptum v. subglaziovii f. inflatum Prescott 1977
Euastrum binale (Turp.) Ehrenberg ex Ralfs 1848
Euastrum denticulatum (Kirch.) Gay 1884
Euastrum divaricatum v. divaricatum Lundell 1871
Euastrum Kriegeri Prescott 1977
Euastrum lapponicum v. lapponicum f. laeve Prescott 1977
Euastrum ob/ongum v. oblongum (Grev.) Ralfs 1848
Euastrum pseudoboldtii Gronblad 1921
Euastrum sinuosum v. subjenneri West et West 1902
Euastrum verrucosum Ehrenberg ex Ralfs 1848
Groenbladia undulata (Nordst.) Forster 1972
Hyalotheca dissiliens v. dissiliens f. dissiliens (Smith)
Brebisson ex Ralfs 1848 3
Hyalotheca mucosa (Mert.) Ehrenberg ex Ralfs 1848 2, 3
Micrasterias americana (Ehrenb.) Ralfs 1848 3
Micrasterias apiculata v. fimbriala (Ralfs) Nordstedt 1888
Micrasterias apiculala v. jimbriata f. elephanta (Wolle)
Croasdale 1977
Micrasterias denticulata v. denticulata Brebisson ex Ralfs
1848
Micrasterias denticulata v. Taylorii f. mammillata Prescott et
Scott 1952
Micrasterias denticulata v. Taylorii f. Taylorii Krieger 1939
Micrasterias laticeps v. laticeps f.laticeps Nordstedt 1870
Micrasterias muricata v. muricata f. murkata (Bail.) Ralfs
1848
Micrasterias radiata v. radiata f. radiata Hassall 1845 3
Micrasterias radiosa v. ornata f. ornata Nordstedt 1870
Micrasterias radiosa v. ornata Nordstedt 1870 3
Micrasterias rotata v. rotata (Grew) Ralfs 1848
Micrasterias rotata v. rotata f. evolula Turner 1892
Micrasterias truncata v. pusilla G. S. West 1914
Micrasterias truncata v. truncata f. semiradiata (Nag.) Cleve
1864
Onychonema filiforme(Ehrenb.) Roy et Bisset 1886
Onychonema laeve Nordstedt 1870 3
Penium cylindrus v. cylindrus (Ehrenb.) Brebisson ex Ralfs
1848
Penium margaritaceum v. elongatum Klebs 1879
Penium margaritaceum v. margaritaceum f. margaritaceum
(Ehrenb.) Brebisson ex Ralfs 1848
Phymatodocis Nordstedtiana Wolle 1884
Pleurotaenium baculoides v. brevius (Skuja) Krieger 1937
Pleurotaenium caldense Nordstedt 1877
Pleurotaenium ciadense v. cristalum (Turner) Krieger 1937
Pleurotaenium Ehrenbergii v. crenulatum f. Croasdaleae
Forster 1963
Pleurotaenium Ehrenbergii v. Ehrenbergii (Breb.) De Bary
1858
Pleurotaenium glorio.su m (Turner) West et West 1901
Pleurotaenium lobatum Phillips 1993
Pleurotaenium maximum (Reinsch) Lundell 1871
Pleurotaenium nodosum (Bailey) Lundell 1871
Pleurotaenium twainm Nordstedt 1877
Pleurotaenium subcoronulatum v. detum West et West 1896
Pleurotaenium trabecula v. trabecula (Ehrenb.) Nageli 1849
3
Spondylosium ellipticum West et West 1902
Spondylosium moniliforme v. moniliforme Lundell 1871-
Spondylosium planum (Wolle) West et West 1912 3
Spondylosium pulchellum v. bambusinoides (Wittr.) Lundell
1871
'
Spondylosium pulchrum v. pulchrum (Bail.) Archer ex
Pritchard 1801
Spondylosium pygmaeum (Cooke) West 1892
Staurastrum americanum (West et West) G.M. Smith (1921)
1922
Staurastrum anatinum Gooke et Wills ex Cooke 1881
Staurastrum anatinum v. anatinum f. denticulatum (G.M.
Smith) Brook 1959
Staurastrum ankyroides Wolle 1884
Staurastrum arachne Ralfs ex Ralfs 1848
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Staurastrum arachne v. gyrans (Johnson) Scott et Gronblad
1957
Staurastrum arctiscon (Ehrenb.) Lundell 1871 3
Staurastrum bicorne Hauptfleisch 1888
Staurastrum brachiatum Ralfs 1848
Staurastrum chaetoceras (Schrod.) G.M. Smith 1924, 2, 3
Staurastrum cingulum v. floridense Scott et Gronblad 1957
Staurastrum cingulum v. ornatum Irenee-Marie 1949
Staurastrum novation v. elongatum G.M. Smith 1924
Staurastrum curvatum West (1892) 1893
Staurastrum cyathipes Scott et Gronblad 1957
Staurastrum cyclacanthum v. subacanthum Gronblad 1962
Staurastrum duplex Wolle 1883
Staurastrum floriferum West et West 1896 3
Staurastrum furcigerum Brebisson ex Meneghini 1840 1
Staurastrum gracile v. nanum Wille 1880
Staurastrum inflexion Brebisson 1856
Staurastrum Johnsonii v. bifurcation Scott et Gronblad 1957
Staurastrum leptocladum Nordstedt (1869) 1870
Staurastrum leptocladum v. cornutum f. evolution Scott et
Gronblad 1957
Staurastrum leptocladum v. subinsigne Scott et Gronblad
1957
Staurastrum longipes v. contractum Teiling 1946
Staurastrum Manfeldtii v. parinim Messikommer 1942
Staurastrum natatory. BoldtiiGronblad 1921
Staurastrum ophiura Lundell 1871
Staurastrum polymorphum Brebisson ex Ralfs 1848
Staurastrum protection v. planctonicum G.M. Smith (1921)
1922 3
Staurastrum radians West et West 1898
Staurastrum tetracerum (Kutz.) Ralfs 1845
Staurodesmus alternans (Breb.) Akin et Meyer nov. comb.
1996
Staurodesmus apiculatus (Breb.) Akin et Meyer nov. comb.
1996
Staurodesmus avicu/atus (Breb. ex Ralfs) Akin et Meyer
nov. comb. 1996
Staurodesmus curvalus (Turner) Thomasson 1965
Staurodesmus cuspidatus (Breb.) Teiling 1948
Staurodesmus cuspidatus f.alaskanus Croasdale 1957
Staurodesmus dejectus (Breb.) Teiling 1954
Staurodesmus dejectus v. inflalus (West) Teiling 1954
Staurodesmus Dichiei (Ralfs) Lillieroth1950 2
Staurodesmus Dickiei v. maximum (West et West)
Thomasson 1963 3
Staurodesmus dilatatus (Ehrenb.) Akin et Meyer nov. comb.
1996
Staurodesmus disputatus (West et West) Akinet Meyer nov.
comb. 1996
Staurodesmus disputatus v. extensus (Borge) Akin et Meyer
nov. comb. 1996
Staurodesmus gladiosus (Turner) Akin et Meyer nov. comb.
1996
Staurodesmus grandis v. rotundatum (West) Teiling 1967
Staurodesmus hirsutus (Ehrenb.) Akin et Meyer nov. comb.
1996
Staurodesmus lapponicus (Schm.) Akin et Meyer nov. comb.
1996
Staurodesmus maamense (Archer) Akinet Meyer nov. comb.
1996
Staurodesmus megacanthus (Lund.) Thunmark 1948 3
Staurodesmus muticus (Breb.) Akin et Meyer nov. comb.
1996
Staurodesmus orbicularc (Ehrenb.) Akin et Meyer nov. comb.
1996
Staurodesmus orhicularc v. depressus (Roy et Bissett) Akinet
Meyer nov. comb. 1996
Staurodesmus packyrhynchus v. pseudopachyrhynchus (Wolle)
Teiling1967
Staurodesmus punctulatus (Breb.) Akin et Meyer nov. comb.
1996
Staurodesmus quadrangulare (Breb.) Akin et Meyer nov.
comb. 1996
Staurodesmus turgescens (De Notaris) Akin et Meyer nox>.
comb. 1996
Teilingia granulata (Roy et Biss.) Bourrelly 1964
Xanthidium antilopaeum v. minneapoliense Wolle 1884 3
Xanthidium antilopaeum v. polymazum Nordstedt 1873
Xanthidium cristatum v. puslulatum Scott et Gronblad 1957
Xanthidium subhastiferum v. toweri (Cushman) G.M. Smitl(1921) 19223
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Estimating Milky-Way Dark Matter: Its Amount and Distribution
Jeffery E. Clayton, Sue Ellen McCloskey and W.J. Braithwaite
Department of Physics and Astronomy
University of Arkansas at Little Rock
Little Rock, AR 72204
Introduction
The fate of the universe is determined by its average
mass density, whether it is open or closed, or by gravita-
tional braking of the Hubble expansion hovering on the
threshold between open and closed. The present research
gives size and distribution of a possible dark-matter con-
tribution to the average mass density of the universe; it
connects two research efforts. Big Bang Nucleosynthesis
[BBNS] calculates the relative abundances of the light ele-
ments formed during the first moments of the universe
as a function of average mass density (Riordan and
Schramm, 1991). These estimates show nuclear-type mat-
ter provides less than 10% of the mass-density needed to
close the universe. Dark matter is a possible source of
additional mass-density which may relate to the ultimate
fate of the universe, and dark matter is suggested to
explain the discovery of a flat rotation curve found for
stars in the MilkyWay galaxy (Rubin, 1991).
Figure 1 shows the discovery of a flat rotation curve
forbright stars in circular orbit around the galactic center
at distances between 50KLy and lOOKLy. Also Fig. 1
shows a prediction of the expected result: a speed falling
off as 1/Vr\ This discovery is suggested as evidence for
dark matter in our own galactic environment (Rubin,
1991).
Most of the mass of the Milky Way Galaxy is con-
tained near the center of the Galaxy as seen in Fig. 2
which shows the top-view of the MilkyWay, as construct-
ed from radio-telescope data. From this concentration of
mass near the galactic center, one would expect the veloc-
ity of orbiting stars to obey a simple Keplerian prediction
and fall off as r"1/2. This incorrect prediction is easily
derived: IfG is the Universal Gravitational Constant of
Newton and M() is the mass ofbright matter in the Milky
Way Galaxy:
__^_____^
i i • / \ v2 GMo -. /GMo 1centripetal acceleration (star) - r ¦-$ v= \~r~ "77-
If the galaxy were a rigid body (which it is not), the
orbital velocity of stars around the galactic center would
grow linearly with r (with v = cor, CO being the constant
angular speed of rotation of this hypothetical rigid galac-
tic disk).
The linear orbital speed of outlying bright stars
I300
-
|200 " /
/ ( *—s^y^
.2 / IKeplerian Prediction: v °c r"1//2 j
iioo ¦/
/ i i i i j i ii i i0 20 40 60 80 100
radial distance from the MilkyWay's galactic center (kLY)
Most of the Milky Way mass is near the galactic center, so one
would expect the speed of orbiting stars to obey a simple Keplerian pre-
diction, with speed falling offas r- / •
This incorrect prediction is shown; G is the Gravitational Constant
and Mo is the mass of the MilkyWay Galaxy.
r- . -c . , v2 GMO /GMo 1Centrifugal acceleration = — =—y~ => v =\] «;-p. .
Fig. 1. Orbital speed of bright stars around the galactic
center, with an incorrect prediction of the fall-off of the
rotation curve assuming only bright matter.
(r>50KLy) is reported to be constant at about 240 km/sec
(Rubin, 1991), neither dying off withr as in the Keplerian
prediction or growing with r as in the hypothetical model
ofa rigid galactic disk.
A halo of dark matter centered on the MilkyWay has
been proposed to explain the observed constant orbital
speed of bright stars around the galactic center (Rubin,
1991). In reviewing the dynamical evidence for dark mat-
ter, Scott Tremaine (1992) quotes a proposed modifica-
tion of Newton's Law of Gravitation at large distances
which results in a flat rotation curve by introducing a new
"cosmological constant." This unusual proposal avoids
the need for a dark matter explanation, but invoking a
new "cosmological constant" is no less onerous than
invokinga need for dark matter.
The dark matter appellation refers to matter not
emitting appreciable amounts of electromagnetic radia-
tion. Since dark matter is not observed directly its proper-
ties must be found by inference. The present work uses
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Fig. 2. An edge view of the MilkyWay and a top view showing spiral arms.
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Fig. 3. An artist's conception of a spherically-symmetric halo of dark matter around the MilkyWay galaxy.
the discovery of a flat-rotation curve to infer a mass dis-
tribution for dark matter in the Milky Way Galaxy, and
from this mass distribution a total mass for dark matter is
obtained as a function of the cutoff radius for distribu-
tion of dark matter.
this simplest of possible distributions of dark matter,
where the dark matter halo extends in spherical symme-
try around the galactic center of the Milky Way and far
beyond it.
The simplest hypothesis for the mass distribution of
dark matter is a spherically-symmetric halo around the
galactic center. Figure 3 shows an artists conception of
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Materials and Methods
The present work calculates a lower limit for dark
matter within the Milky Way Galaxy using the discovery
of a flat rotation curve along with two additional assump-
tions about the distribution of dark matter surrounding
the MilkyWay.
These two hypotheses are (1) the distribution of dark
matter is taken as spherically-symmetric around the galac-
tic center, and (2) gravitational contributions from the
spiral arms of the galaxy may be neglected incalculating
a constant orbital speed for outlying bright stars at r>50
KLy.These hypotheses are used to make general state-
ments about the amount and distribution of dark matter
in the MilkyWay galaxy.
Using M() as the bright-matter mass of the MilkyWay
Galaxy and M(r) as the mass of dark matter contained
within a radius r from galactic center, calculations assum-
ing constant orbital speed show the radial density distrib-
ution of dark matter is constant, so the volumetric density
distribution of dark matter varies inversely withr2.
G[MO +M(r)] v2 [~~ v2 | dM V2
2
—
=
"7" => MM=r -Q- - Mo => = •>- a constant.
dM dM 1 dM 1 v2 1
Constancy of dM/dr => p = jt; = i
—
= 1-j—¦ = -s x ~=> « r"2.H dV 47:r2dr 4nr2 dr r2 4^ r2
Putting numbers into the above expressions results in
a lower limitbeing calculated for the mass of dark matter
ifthe constancy ofdM/dr is taken for allpoints inward to
the center of the Milky Way with the calculations based
on the constant orbital speed for stars between r = 50
KLy and r = 100 KLy (with 100 KLybeing the farthest
measured orbiting stars). Taking 100 KLy as the upper-
limitcutoff for dark matter makes this calculation a lower
limit for the mass of dark matter since no diminution is
seen in stellar orbital speed as r —> lOOKLy.
Measurements end at lOOKLy because of a lack ofbright
matter which in no way suggests a lack of dark matter.
Results and Discussion
Mo = 10" solar masses = 1.8 x 1041 kg was used for
the mass of bright matter in the Milky Way (Abell et al.,
1991). Using the discovery of a constant speed (v = 2.4 x
105 km/sec) ofbright stars in the MilkyWay and using r =
rcutoff
= lOOKLy and G = 6.7 x 10 "MKS in the expression
M(r) - Mu =rv2/G (=8.1 x 1041 kg) provides a lower limitfor
the mass ofdark matter = [8.1 - 1.8] x 1041 kg = 6.3 x10" kg
= 3.5 M^ forMo equal to the mass ofbright matter in the
MilkyWay galaxy.
These surprisingly large dark-matter mass results led
to an effort to reduce it by concentrating dark matter in
the galactic disk. Geometrical enhancement of the effect
of dark matter was examined (Eggensperger and
Braithwaite, 1995) in an attempt to reduce the amount
needed to account for the flatness of the rotation curve.
No geometrical enhancement for the effects of dark mat-
ter was found in these calculations.
An uncertainty in the lower limit for dark matter
mass surrounding the MilkyWay galaxy arises from an
uncertainty in the bright-matter mass of the Milky Way.
Various references quote different sizes for the mass Mo.
The value of M() (1.8 x 10 41 kg) selected was one of the
low-end values (Abell et al., 1991) for Mo. Any attempt to
measure M() from orbital paths of bright stars (e.g., using
the virial theorem) rather than counting a sample of Stars
while estimating each star's mass from its known proper-
ties (e.g., H-R diagram) would result in including effects
from both dark matter and bright matter.
Ifthe physical extent of the dark matter distribution
were known (e.g., r ¦ rt.lll()n), the calculation M(r = r(llt(),,) -
Mo = rv2/G would provide an estimate of the dark-matter
mass in the MilkyWay. An artist's conception is shown in
Fig. 3 where the spherically-symmetric halo of dark mat-
ter extends to about 8 times the maximum radius for
bright matter in the Milky Way (800 KLy).Ifthe upper-
limitcutoff in r were increased eight fold then the above
calculation would result in M(80() KLy) = 35 Mo for the
dark matter mass, that is the mass of dark matter would
be 35 times the mass of bright matter in the Milky Way.
In a second example, ifthe upper-limit cutoff in r were
increased by only a factor of 2.4 (100 KLy —> 240 KLy)
then the above calculation for dark matter mass predicts
M(240 KLy)=10 M();accordingly, the result for the mass
of dark matter would be predicted at 10 times the mass of
bright matter in the MilkyWay.
The present analysis does not give any clue as to what
type of matter dark matter might be, itonly speaks to the
amount of dark matter present to keep distant stars in the
MilkyWay Galaxy in circular orbit at a constant speed of
240 km/sec around the galactic center. However, whether
or not dark matter is of nuclear origin is important in any
discussion of the ultimate fate of the universe. One
exception is dark matter due to possible rest mass associ-
ated with the neutrino species since neutrinos do not par-
ticipate in the formation oflight elements.
Neutrinos are still candidates for providing some of
the needed dark matter (Stodolsky, 1991; Bahcall, 1993;
Ikebe et al., 1996). Gowen (1996) quotes Ikebe and collab-
orators (1996) as suggesting the dark matter content of
the universe is arranged in a continuous hierarchy of
structures from small to large scale with cold dark matter
forming smaller galaxy-sized lumps while hot dark matter
groups into large-scale lumps around galactic clusters.
Cowen's summary finds this idea consistent with specula-
tionby Bahcall (1993) that dark matter in clusters consists
largely of material contributed by the halos around indi-
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vidual galaxies.
Dark matter may extend wellbeyond the bright mat-
ter of the Milky Way as no diminution is seen in stellar
orbital speed at 100 KLy.The present calculations pro-
vide a lower limit for the dark matter mass at 3.5 times
the bright matter mass in the galaxy. Figure 4 shows how
the amount of dark matter in the MilkyWay depends on
the size ofits cutoff-radius. Ifthe dark matter distribution
(dM/dr = constant) extends to 240 KLy from the galactic
center (2.4 times farther than the bright matter), the
resulting dark-matter prediction would be 10 Mo (10 times
larger than the bright mass in the galaxy).
G[MO +M(r)] v2 r_— y2-4
—^
—
= Y => M(r)= r~g ~ Mo
V2(rcutoff) •
-Q-
- MoiM(rcutoff)
M(l.0xl05ly) = [(9.46x10 V——S2 kg-1.8.10 41l
= [8.1-1.8]10 41 kg=6.3xl041 kg = \J^53.5 Mo
M(2.4xl05ly)= [(22.7xl0 20).|^f2 kg-LS-lO41]
=[19.4-1.8]10 41 kg=18xl041 kg = |10 Mo |
Fig. 4. Estimates of dark matter mass around the galactic
center as a function of the radial cutoff in terms of Mo,
the bright-matter masss of the MilkyWay.
Ifaveraging over one galaxy is sufficient, the
Cosmological Principal suggests any dark matter in the
Milky Way is characteristic of the universe in general.
However, the recent idea that cold dark matter forms in
(small) galaxy-sized lumps while hot dark matter groups
into large-scale lumps around galactic clusters (Bahcall,
1993; Ikebe et al., 1996) could be used to suggest the
orbiting bright stars (and the present results) only sample
part of the dark matter distribution. But even a dark-mat-
ter mass density only 10 times larger than the bright-mat-
ter mass density could be cosmologically significant.
Schramm has estimated the average density of
nuclear-type matter from an analysis of the relative abun-
dances of light elements (Riordan and Schramm, 1991),
with the light element formation rates calculated using
Big Bang Nucleosysthesis (BBNS), including corrections
for some cycling of interstellar gas through generations of
stars. Schramm reports nuclear-type matter provides
about 5% of the mass density needed to close the uni-
verse with an upper limitinhis analysis ofabout 10%.
Ifthe ratio of dark matter to bright matter through-
out the universe is the same as or greater than that of the
Milky Way and ifdark matter in the above analysis is not
ofnuclear origin, then the present calculations are of cos-
mological interest as they suggest a mechanism, consis-
tent with Schramm, for closing the universe by gravita-
tional braking of the Hubble expansion. This is because
an increase by an order of magnitude in the total mass
density, above the estimates of Schramm, could be just
enough to result in a minimally expanding universe (Q =
p/p c
= 1) or possibly even a pulsating universe (Q >. 1).
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Introduction
Reptiles make up a large component of the vertebrate
ecosystem (Scaro et al., 1988), and some groups (i.e.,
lizards) have played an instrumental role in the develop-
ment ofcommunity ecology (for review see Losos, 1994).
However, in general, reptiles often have been overlooked
as being important structural elements of biotic commu-
nities (Vitt,1987; Scaro et al., 1988). For example, bio-
mass production by lizards (Turner et al., 1976) and tur-
tles (Iverson, 1982) may be equal or greater than that of
birds or mammals in the same areas. In addition some
snake species have been found to comprise over half of
the food biomass delivered to nestling hawks (Grothe,
1992), and yet snakes as predators may consume a signifi-
cant percentage of rodent populations (Diller and
Johnson, 1988).
Characterizing the role of reptiles in ecological com-
munities is critical for better understanding the biodiver-
sity of ecosystems. Of the many different aspects of com-
munity ecology, the structural composition of organisms
is a central theme (Andrewartha and Birch, 1954; James,
1994). On a cosmopolitan scale geographic location is
one of the most important factors dictating species rich-
ness and diversity among reptiles (Pianka, 1985; Vitt,
1987). Although latitude may still have significant effects
at the regional level (Brown and Parker, 1982; Vitt,1987),
as sampling areas get smaller many other factors (e.g.,
habitat, predation pressure, prey availability, and mor-
phology) become increasingly significant (Pianka, 1986).
Even though this tends to complicate one's ability to
describe how species diversity is being influenced,
describing local communities of organisms is important
fordeveloping more regional themes (Scott, 1982).
Although the general distribution ranges of reptiles
in Arkansas have been documented (Hurter and Strecker,
1909; Dowling, 1956, 1957), detailed data regarding rep-
tile abundance and diversity for specific small regions
within Arkansas are lacking (notable exception, Schuier et
al., 1972). Ecological studies of reptile communities have
been carried out in nearby states such as Kansas (Fitch,
1967, 1982), Oklahoma (Force, 1930), and Texas (Ford et
al., 1991), but the variable physiography of Arkansas
make most of these data inapplicable. Therefore, ecologi-
cal data documenting reptile composition and density of
specific areas of Arkansas are needed to develop an accu-
rate picture of regional species diversity (Stan Trauth,
pers. comm.). The purpose of this study was to assess the
composition, species diversity, and relative abundance of
reptiles in a forested region along the southeastern most
aspect of the Ouachita Mountain range (i.e., Jack
Mountain region).
Materials and Methods
This project was conducted in the Jack Mountain
range on approximately 27,000 acres owned by The Ross
Foundation within Hot Spring County, Arkansas. The
Jack Mountain range has north and south facing slopes
with steep ridges and is located at the northern-most
extent ofsouthwest Arkansas's Gulf Coastal Plain.
Three specific sites approximately five km north of
Bismarck, Hot Spring County, Arkansas were chosen to
serve as sampling locations from March through October
of 1995. The three sites were all fairly representative of
typical oak-hickory-pine forest. However, considerable
variation occurred between these three sites regarding
elevation, topography, soil type, water drainage, and
undercover vegetation. The three sampling sites are
referred to as Needle's Eye, Turkey Trail, and Curl Creek.
Needle's Eye, the western most sampling site, is a
high elevation ridge with an east/ west orientation west of
U.S. Highway 7. Two drift fences were placed near the
top of the south-facing ridge at an elevation of approxi-
mately 350 m. One drift fence was erected parallel to the
mountain's orientation in a flattened area at the top of
the ridge. The other fence was placed so that it coursed
down the south slope of the ridge. Numerous rocky out-
croppings were present along the ridge's slopes. No sig-
nificant standing water was within 2 km of the drift
fences and the closest streams were ephemeral. In many
regions near the top of the mountain the habitat was low,
scrubby, and dry.
Turkey Trail is located east of U.S. Highway 7,
approximately 4.5 km east of the Needle's Eye site. The
Proceedings Arkansas Academy of Science, Vol.50, 1996
1*
*
<
«
*
<
<
<
«
•
-
in the Tack Mountain Region ofHot Spring County, Arkansas
drift fences are located at an elevation of approximately
275 m between and near the bottom of the two east/ west
oriented ridges. The northern most of the two ridges is
smaller and one drift fence was erected perpendicular to
the ridge and on the south facing slope. The second drift
fence was located near the bottom of the ridges and par-
allel with their orientation and an old dirt road. An
ephemeral stream separated the two drift fences and
drained into a permanent stream (Curl Creek) 1.3 km
eastward. Here the soil was more mesic than near the
ridge tops, and several salamander species were present
(i.e., Ambystoma annulatum, A. maculatum, Eurycea multipli-
cata, Hemidactylium scutatum and Plethodon albagula).
The Curl Creek site is located next to its namesake
along Land Camp Road (dirt road), approximately 6.5 km
southeast of the Turkey Trail site. The elevation here is
145 m. This is a flat woodland containing a permanent
stream that has a saltatory water flow with some areas
being slow moving and others shallow and fast moving.
The soil appeared to be a mixture of loamy sand and
decaying vegetation, and several amphibian species were
present. The canopy was low but thick; thus, the ground
was completely shaded most of the day. One drift fence
was placed parallel to and south of the creek. The second
fence was located within 50 m of a plantation of 10-20
year old Pinus taeda.
Animals were live trapped using drift fences or by
hand-capture techniques. Each drift fence consisted of a
33 m length ofaluminum flashing 50 cm high. The flash-
ing was buried up to 10 cm to form a metal fence that
prevented reptiles from going under it.Funnel traps one
m in length and 18 cm in diameter were constructed
from 3.175 mm hardware cloth and contained a funnel
leading into one or both ends (Fitch, 1951). Two traps
were placed equidistance apart .(11 m) along each side of
the drift fence and one trap was placed at each end of the
drift fence. Two drift fences were erected at each sam-
pling site. Drift fences were situated perpendicular to
each other and were approximately 60 m apart.
For each capture the trap location was recorded, the
animal's snout-vent length and total length were mea-
sured to the nearest millimeter (for large snakes the near-
est centimeter); animals were massed to the nearest gram
(for small snakes and lizards the nearest tenth gram)
using Pensola spring scales, identified to sex visually or
by everting hemipenes, and given a unique mark for
recapture identification purposes. Snakes had the ventral
scales clipped and lizards were toe clipped, both following
a numerical pattern. Immediately after processing, ani-
mals were released in the vicinity of their capture loca-
tion.
Total numbers of species (not including recaptures)
from each site were recorded and used to calculate
Shannon's indices of species diversity and evenness
(Krebs, 1989). Recaptures were not sufficient to deter-
mine densities. For the most common snake species and
all the lizard species, relative abundances of each site and
all sites combined were calculated. Seasonal variation in
abundance was calculated for all lizard species and the
five most numerous snake species. For the latter calcula-
tion, numbers of species were totaled for each month,
and recaptured individuals were counted a maximum of
once per month to prevent any sampling bias.
Results
A total of 465 individuals from 29 snake and lizard
species were captured, processed, and released from the
three sampling sites. At each site there were more snakes
species than lizard species. However, the number of indi-
viduals, regardless of species number, was greatest for the
lizards at each site (Tables 1and 2).
The abundance, species diversity, and evenness of
snakes and lizards at all three sampling sites are given in
Tables 1 and 2, respectively. For snakes Curl Creek had
the highest diversity and evenness values of the three sites
but the lowest number of individuals. Turkey Trail had
the same number of species as Curl Creek but had a
lower diversity and evenness. Needle's Eye contained the
greatest number of species but diversity and evenness was
low because of the disproportionate dominance by one or
two species.
Needle's Eye and Turkey Trail each had seven lizard
species while Curl Creek had six (Table 2). The greatest
number of individuals was found at Needle's Eye which
had a comparably low diversity and the lowest evenness.
Turkey Trailhad the highest diversity and evenness values
and was intermediate in number of individuals. As with
the snakes, Curl Creek had the least number of individual
lizards but a high diversity and evenness.
Analyses of species composition and relative abun-
dance revealed that Agkistrodon contortrix made up 30% of
the snake community at Turkey Trail.Diadophis punctatus
and Thamnosphis sirtalis were the dominant snake species
at Needle's Eye and the second and fourth most abundant
species, respectively, at Turkey Trail (Table 1). Although
Coluber constrictor was an abundant snake at Turkey Trail
and Curl Creek, only one was found at Needle's Eye.
Masticophis flagellum was abundant at Needle's Eye but
absent from the other sites. Other common species at
Curl Creek were A. piscivorus and Storeria dekayi. The
ubiquitous distribution of A. contortrix, D.punctatus, T. sir-
talis, C. constrictor, and S. dekayi helps make them the five
most common snake species in the Jack Mountain region.
Four of these five species were most often captured dur-
ing the late spring and early summer (Fig. 1) withonly D.
punctatus showing a small peak of activity in the fall.
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Table 1. Abundance and species diversity of snakes at three sites on Ross Foundation property in Hot Spring County.
Arkansas. Recaptured snakes are not included.
Species Common Needle's Turkey Curl
Name Eye Trail Creek Total
Agkistrodon contortrix Copperhead 6 19 6 31
Agkistrodon piscivorus Cottonmouth 2 5 7
Carphophis vermis Western Worm Snake 5 3 8
Cemophora coccinea Scarlet Snake 1 12
Coluber constrictor Southern Black Racer 1 7 6 14
Diadophis punctatus Ringneck Snake 26 8 2 36
Elaphe guttata Corn Snake 2 2
Elaphe obsoleta Black Rat Snake 2 2
Heterodon platirhinos Eastern Hognose Snake 4 2 6
Lampropeltis calligaster Prairie Kingsnake 2 2
Lampropeltis getula Speckled Kingsnake 2 3 16
Lampropeltis triangulum Louisiana MilkSnake 3 114
Masticophis flagellum Coachwhip 7 7
Nerodia erythrogaster Yellowbelly Watersnake 1 3 4
Nerodia sipedon Midland Watersnake 1 1
Opheodrys aestivus . Rough Green Snake 1 3 2 6
Sistrurus miliarius Western Pygmy Rattlesnake 3 3
Storeria dekayi Brown Snake 4 3 4 11
Storeria occipitomaadata Redbelly Snake 1 3 3 7
Tantilla gracilis Flathead Snake 3 3
Thamnophis sirtalis Eastern Garter Snake 14 7 3 24
Virginia valeriae Smooth Earth Snake 6 1 7
Number ofIndividuals 89 62 42 193
Number ofSpecies 17 14 14 22
Shannon Diversity Index (H') 2.39 2.23 2.50 2.66
Eveness(J') 0.84 0.85 0.95 0.86
Captures of C. constrictor were relatively high from March
throughout June but dropped off in the late summer and
fall.Storeria dekayi never showed any major peak of abun-
dance but seemed relatively common at a low level
throughout the sampling period.
The most obvious feature of lizard abundance was
that at both Needle's Eye and Turkey Trail Sceloporus
undulatus and Scincella lateralis were the dominant species
(Table 2), and comprised 55% of the total lizards for all
sites combined. At Turkey Trail the remaining four
species appeared in approximately equal numbers, while
at Needle's Eye Eumeces laticeps was the third most com-
mon lizard and Cnemidophorus sexlineatus was the least
abundant. At Curl Creek, S. undulatus and S. lateralis
again were common, and equally abundant were E. lati-
ceps and C. sexlineatus. Also, E. anthracinus was not found
at Curl Creek but was the third and fourth most common
species at Turkey Trail and Needle's Eye, respectively.
Although Anolis carolinensis and E. fasciatus were ubiqui-
tous in this region, they occurred in the lowest number at
each site.
Monthly variation in lizard abundance (Fig. 2) shows
distinct differences in periods ofactivity. Eumeces anthraci-
nus, and E. fasciatus exhibit peaks of abundance in the
early spring and taper off through the summer and fall.
The latest to be captured were C. sexlineatus which showed
a short peak in May and June. Eumeces laticeps exhibit a
long period ofactivity that lasts throughout the summer.
Two lizards exhibiting bimodal periods of abundance
were 5. undulatus and S. lateralis with a long active period
in the spring and early summer and smaller peak in
September. Anolis carolinensis peaks slightly in April and
remained stable at lowlevels throughout the summer.
Discussion
The species richness of snakes and lizards from all
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Table 2. Abundance and species diversity of lizards at three sites on Ross Foundation property in Hot Spring County,
Arkansas. Recaptured lizards are not included.
Species Common
Name
Needle's
Eye
Turkey
Trail
Curl
Creek Total
Anolis carolinensis Green Anole 10 10 2 22
Cnemidophorus sexlineatus Six-lined Racerunner 2 9 4 15
Eumeces anthracinus Coal Skink 15 14 29
Eumeces fasciatus Five-lined Skink 9 8 1 18
Eumeces laticeps Broadhead Skink 25 10 4 39
Sceloporus undulatus Fence Lizard 45 26 7 78
Scincella lateralis Ground Skink 40 28 3 71
Number ofIndividuals 146 105 21 272
Number ofSpecies 7 7 6 7
Shannon Diversity Index (H') 1.67 1.82 1.65 1.77
EvenessQ') 0.86 0.94 0.92 0.91
three sampling sites falls within expected ranges for this
latitude and region (Pianka, 1986; Vitt,1987; Conant and
Collins, 1991). The number of snake species (22) is above
the mean predicted value for this latitude (18; Vitt,1987).
The total number of lizard species listed as occurring in
this general area of Arkansas is eight (Conant and
Collins, 1991). Seven lizard species were found to occur at
Needle's Eye and Turkey Trail and six species were found
at Curl Creek (Table 2). Snake species diversity at each
site was high compared to 10 North American studies (H'
= 1.32; Brown and Parker, 1982). Species diversity for this
study (H' = 2.2 - 2.5) also was considerably higher than
comparable data from both temperate and tropical snake
communities at latitudes similar to Arkansas' (H' = 1.2;
Vitt, 1987). Lizard diversity of this region (H' = 1.6 - 1.8)
falls within previously observed values for lizard studies,
but compared to 12 lizard studies in western North
America (H' = 3.2) summarized in Pianka (1986) they are
relatively low.Unfortunately, comparable data sets from
nearby deciduous woodland regions are uncommon
(notable exceptions, Force, 1930; Fitch, 1967; Schuier et
Fig. 1. Monthly variation in the five most abundant
snakes (N = 122) captured in drift fences and by hand
from the three sampling sites in Hot Spring County,
Arkansas. Recaptured individuals were counted a maxi-
mum of once per month. Letters in legend abbreviate
species names.
Fig. 2. Monthly variation in the number of lizards (N =
297) captured in drift fences and by hand from the three
sampling sites in Hot Spring County, Arkansas.
Recaptured individuals were counted a maximum ofonce
per month. Letters in legend abbreviate species names.
Proceedings Arkansas Academy of Science, Vol.50, 1996
124
Vincent A. Cobb and Jeff A.Summerhill
al., 1972). However, these exceptions are mostly lists of
species and did not have standardized sampling methods;
thus, species diversity calculations could not be complet-
ed. Force's (1930) study encompassed an entire county in
eastern Oklahoma and resulted in 12 lizard species, and
Fitch's (1967) study on a 239 ha preserve in southeast
Kansas documented seven lizard species. The one
Arkansas study, Schuier et al. (1972), sampled 170, 000
acres in the north central region and found six lizard
species and 19 snakes species similar to this study.
Consistency in snake relative abundance for many of the
same species is seen in a twelve year study from Kansas
(Fitch, 1992) which reported the four most commonly
captured snakes to be Diadophis punctatus, Coluber constric-
tor, Thamnophis sirtalis, and Agkistrodon contortrix, match-
ing this study's four most captured species.
A few species known to occur in this general region
of Arkansas (Conant and Collins, 1991) were not cap-
tured in this survey. Crotalus horridus is well documented
to occur in this region but was not trapped or seen dur-
ing this study. Other snakes expected but not captured
were Virginia striatula and Thamnophis proximus. Although
a total of 193 snakes were captured, biases may have exist-
ed from trapping terrestrially active species, and arboreal,
aquatic, and semi-fossorial species may be underrepre-
sented. Conversely, arboreal species (Elaphe obsoleta and
Opheodrys aestivus), aquatic snakes (Nerodia sps.), and
semi-fossorial species (Tantilla gracilis, Carphophis vermis,
and Cemophora coccinea) were captured in funnel traps,
albeit in low numbers. A variety of sampling methods is
useful in preventing the bias of one sampling method
(Fitch, 1992). However, by using a small mesh hardware
cloth for funnel traps and making sure the drift fence was
buried a few cm, we were successful at capturing individu-
als ofall sizes.
The only lizard expected but not captured was
Ophisaurus attenuatus. This species is more typically found
in open grassy areas (Fitch, 1967). Grassy habitats were
not present in this study region but are abundant a few
km to the south, such as at DeGray Lake State Park
(Glenda Pryor, pers. comm.) which is 16 km south of this
study region. Alllizard species except Eumeces anthradnus
which was not captured at Curl Creek occurred at all
three sites. It is possible that E. anthracinus occurs in the
Curl Creek region in low numbers, as only 21 lizards were
captured at this site.
Several of the snake species did not exhibit a clear
general distribution throughout this region because they
were found at only one of the three sites. For example,
Cud Creek was the only site at which Elaphe obsoleta and
Lampropellis calligaster were found. Elaphe obsoleta is a well
known habitat generalist but is highly arboreal; this trap-
ping bias may have influenced its capture. Lampropeltis
calligaster is not arboreal; however, it does not tend to pre-
fer more open areas which are prevalent beyond 2 km
south of Curl Creek. Snakes only found at Needle's Eye
were T. gracilis, M.flagellum, S. miliarius and E. guttata.
The restricted distribution of T. gracilis and M.flagellum
is most likely related to habitat and/or prey base. Both of
these snakes prefer environments that are relatively open
and attain warm daytime temperatures. Steep rocky hill-
sides with loose dry to slightly moist soil is typical for T.
gracilis while the dry, open scrub habitat along the ridge
top is typical for M.flagellum (Tennant, 1985). Also,M.
flagellum is primary prey, lizards (Jones and Whitford,
1989), were numerous at Needle's Eye. The absence of
the regionally abundant C. constrictor with similar body
morphology and physiology (Ruben, 1976, 1977) and sim-
ilar hunting style suggests that their non-overlapping dis-
tributions may, in part, be to avoid competition. However,
one of the authors (VAC)has observed both species with-
in the same locality of the Ouachita National Forest.
Sistrurus miliarius and E. guttata, although only captured
at Needle's Eye, are known to occur in regions near
Turkey Trail and Curl Creek, respectively. Inaddition one
road-killed E. guttata was found on Land Camp Road,
which is adjacent to the Curl Creek site and approximate-
ly four km west of the actual trapping site; it was not
included in the calculations.
The greatest number of individuals was found at
Needle's Eye while Curl Creek had the least numbers.
Lizards at Needle's Eye were seven times more abundant
than at Curl Creek, and the number of snakes at Needle's
Eye was twice that of Curl Creek. Turkey Trail was inter-
mediate in numbers of individuals for both snakes and
lizards. Because our trapping intensity was comparable
for the three sites, these differences were surprising. A
study of the snake community at a small reserve in East
Texas found a lowland floodplain to have significantly
more individuals than either an upland deciduous or
coniferous habitat (Ford et al., 1991). Possibly there were
some indigenous characteristics of the habitats that facili-
tated these differences. Extrinsic factors such as the level
of human activity also may play an important role.
Needles's Eye and Turkey Trail regions received consider-
ably less human activity than did Curl Creek which was
near a regularly traveled dirtroad.
Most species were captured in the spring and early
summer. The total number of species captured was great-
est in May and steadily declined until late summer after
which the number remained at a relatively low level
through October, similar to levels in March when species
were first emerging from hibernation. Several species fol-
lowed this trend, but some exhibited a variety of patterns
such as bimodal seasonality in Scincella lateralis to
plateaus of seasonal activity as in Eumeces laticeps and
Storeria dekayi. A variety of abiotic factors (e.g., rainfall,
moisture levels, and temperature) are known to influence
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reptile activity; however, spring activity in temperate rep-
tiles also may be associated withbiotic factors such a mat-
ing. Biotic factors were not measured during this study;
but, courtship behaviors were observed for some species.
In mid April S. lateralis was observed mating at Needle's
Eye. Indirect evidence of mating behavior in mid May
was a two week surge ofmale E. latkeps being captured in
traps and sometimes multiple males in a trap with a sin-
gle female. The general decline in captures was most like-
ly due to the heat and drought of summer conditions.
Comparisons of seasonal activity showed strong agree-
ment for Coluber constrictor and Diadophis punctatus in
South Carolina (Gibbons and Semlitsch, 1987) and for
Agkistrodon contortrix in Texas (Ford et al., 1991). Activity
of 5. dekayi from South Carolina indicated greater activity
in the fall which was not seen in this study. Because of
low capture numbers for many species in this study, com-
parisons could be misleading.
Overall, these data suggest that species richness and
diversity in this region of Arkansas is relatively high, and
that small geographic localities can possess a large num-
ber and diverse group of reptile species. This study also
emphasizes the need for more thorough studies to be
conducted in Arkansas in order to develop generalities
regarding reptile diversity and abundance with regard to
habitat types and other geographic features (Owen and
Dixon, 1989). Even intensive one-year samplings may
reveal general patterns within reptile communities.
Although land management implications are not men-
tioned here, the general importance of understanding
the significant role of reptiles in the biotic community is
critical to enable land managers to make more informed
and more environmentally sensitive decisions.
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AMailSurvey to Determine the Status of the
Black-tailed Jackrabbit, Ringtail Cat, Long-tailed Weasel, Badger and
Eastern Spotted Skunk inArkansas
Tommie J. Majors, Daphne C. Brock and Gary A.Heidt
University of Arkansas Little Rock, Dept. ofBiology
2801 S. University, LittleRock, Arkansas 72204
Surveys have long been used as a tool in wildlifeman-
agement studies (e.g., Filion, 1980). In Arkansas, Bailey
and Heidt (1978) used mailsurveys to determine the sta-
tus and distribution of the nutria (Myocas tor coypus). More
recently, Blumberg (1993) used surveys to examine pre-
sent mammal distributions inSouth Dakota.
Heidt et al. (1996) discussed a number of mammals
inArkansas for which littleinformation is known. To sup-
plement these data we employed a mail survey to docu-
ment five of the more well known of those conspicuous
species: the black-tailed jackrabbit (Lepus californicus),
ringtail (Bassariscus as tutus), long-tailed weasel (Mustela
frenata), badger (Taxidea taxus), and eastern spotted skunk
(Spilogale putorius).
The basic questionnaire format used in this survey
included a brief introduction and statement of purpose.
A table format was used for responses; counties within
the state were listed individually, as were species of inter-
est to the survey. A list of possible responses was provid-
ed; A- abundant, C-common, E-extirpated, H-suitable
habitat present, N-not historically present and P-present.
A separate section for responses dealing with wildlife
management areas was provided as was a section for com-
ments. The survey sent to trappers differed slightly in
that we asked ifthey would be willing to save specimens
that they trapped during the year. Because of subjective
opinions, we feel that in the future, respondents should
not be asked to supply data on the abundance or history
of a species. Ifpossible, it might also be useful to include
descriptions or pictures of the species in question.
A total of 274 surveys with self addressed stamped
envelopes were mailed statewide in the spring and sum-
mer 1995 to selected state biologists (Arkansas Game and
Fish, U.S. Forest Service, and timber company biologists)
and members of the Arkansas Trapper's Association. Of
these, 116 were returned for a total return rate of 42.3%
(142 and 61 for biologists, and 132 and 55 for trappers).
Response rates for mail surveys are largely determined by
the group surveyed, length of survey and whether or not
a stamped return envelope is provided (Linsky, 1975).
The individual response rate of 42.9% for biologists was
somewhat lower than those reported by Blumberg (1993);
however, the 41.6% response rate by the Arkansas trap-
pers was higher. The combined response rate for this sur-
vey was higher than that ofBlumberg's survey and higher
than most surveys of this type audience conducted with-
out follow-up (Kanuck and Berenson, 1975).
The range of the black-tailed jackrabbit (Lepus califor-
nicus) is restricted to 8 northwest counties in Arkansas
with specimens only recorded from Benton and
Washington counties (Sealander and Heidt, 1990). Most
responses were within the expected range (Table 1).
Some respondents indicated that they had seen the black-
tailed jackrabbit in the past, but not in recent years. We
are skeptical of responses for 2 counties, Calhoun and
Pike because of their distance from the known range of
Table 1. Survey response for black-tailed jackrabbit(Lepus californicus)
ReportedStaleTrappersCounty
Association Biologists Specimens
XR
C
R
R
C
XWASHINGTON R,P
A"Abundani OCommon RmRare
P-Present, species status unknown
x=Actual Specimens
jackrabbits and the possibility that swamp rabbits
(Sylvilagus aquaticus) may have been mistaken for jackrab-
bits. Multiple responses were consistent with reported
specimen counties.
The ringtail (Bassariscus astutus) appears to be a rare
and elusive mammal in Arkansas. However, based on one
record and other sightings Sealander and Heidt (1990)
proposed the range to include the eastern two-thirds of
the Gulf Coastal Plain. The survey response for Polk and
Howard counties was provided by a trapper who gave
detailed accounts of his sightings as well as a description
of a ringtail having been killed by a hunting dog. Other
numerous sightings were reported in and around
Sebastian County (Table 2). Suitable habitat exists in the
11ENTON R,P
c:alhoun
crawford r
franklin i\r
HOWARD 1>
JOHNSON P
LOGAN P
MADISON R
MARION P
MONTGOMFRY
PIKE P
SEBASTIAN R
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Table 2.Survey response for ringtail cat (liassarisms astutus)
County Trappers State Reported
Association Biologists Specimens
BENTON R
BRADLEY X
CRAWFORD P P,R
FRANKLIN P R
FULTON R
HOWARD P
IZARD R R
LOGAN P
MADISON R
POLK P
POPE P
SEBASTIAN P R
STONE R
IASHINGTON R=Abundanl C"Common R"Rare'Present, species status unknownActual Specimens
Esa where both trappers and biologists report their pres-ce, but at present the species is unconfirmed. Thus,ere is a possibility ringtails are more widespread in
Arkansas than previously thought.
Sealander and Heidt (1990) list the long-tailed weasel
flustela frenata) as occurring statewide, but there are fewtua specimens. Both trappers and biologists have
Fable 3. Survey response for long-tailed weasel (Mustela frenata)
County Trappers State Reported
Association Biologists Specimens
ARKANSAS C
ASHLEY R X
BAXTER R,P
BENTON R,P P
BOONE R P
CALHOUN R
CARROLL R R,P
.ARK R
)NWAY P
RAWFORD P,R P
RAIGHEAD X
ROSS X
ALLAS R
REW X
RANKLIN P R.P
ULTON R
\RLAND P
IANT P
OT SPRING P
)WARD P,R
ARD R
CKSON X
OHNSON P P
.AFAYK1TE P
ITLERIVER R
LOGAN P
MADISON R P
MARION P
MILLER R X
MONTGOMERY P
NEVADA R
NEWTON R P
OUAGHITA R
PERRY R R
PIKE P,R
POLK R P
POPE P P
SALINE P
SCOII P
SEARCY R,P X
SEBASTIAN P
SEVIER R
STONE R,P
UNION R
VANBUREN P
WASHINGTON R,P
WOODRUFF X
YELL P,R R
A»Abundanl OCommon R=Raie
P=Presenl, species status unknown x=Ac(ual Specimens
reported the occurrence of long-tailed weasels in an addi-
tional 41 counties (Table 3). Allrespondents, with the
exception of one, indicated that long-tailed weasels were
simply present or that they were rare.
Most reports ofbadgers (Taxidea taxus) (Table 4) have
been consistent with areas surrounding known localities
(Benton, Franklin and Stone counties); The record for
Stone County was a roadkill (Cartwright and Heidt,
1994). Badger sightings have been closely associated with
Fable 4. Survey response for badger (Taxidea taxus)
County Trappers State Reported
Association Biologists Specimens
BAXTER R
BENTON R
CARROLL R R
CRAWFORD R.C R
FRANKLIN C,P,A P X
HOT SPRING P
HOWARD R.C.A
JOHNSON P
LAFAYETTE P
LOGAN C
MADISON R R
MARION P
NEWTON R
PIKE R,C
POPE P
SEARCY R
SEBASTIAN R,A R
STONE R,P X
WASHINGTON R,C,P R X
YELL A,P,R,C
A=Abundanl C~Common R=Rare
P-Present, species status unknown x-Actual Specimens
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1
?
pocket gophers, one of their major prey items. Some bad-
ger sightings may be the result of confusion with mar-
mots (Marmota monax). A few badger pelts annually have
shown up at the Arkansas fur sale.
PULASKI P \
\
\
1RANDOLPH
SALINE
SCOTT P,R P,C ?
SEARCY P,A
Traditionally, the range of the eastern spotted skunk
(Spilogale putorius) has been statewide, except possibly for
the eastern most portion of the state. The responses for
the spotted skunk have been the hardest to explain (Table
5). The only documented records occur in the uplands
where spotted skunks are associated with rocky outcrops
and rugged terrain. A large number of counties, especial-
ly in the uplands, had positive responses from both trap-
pers and biologists. However, we suspect that some
respondents, particularly those in the coastal plain
SEBASTIAN P \ «
SKVIER R,C,A
SHARP R *
STONE A,R
UNION P
WASHINGTON R.CA C,P X
WHITE R
YELL A,P,R,P I' «
A=Abuiulani OCommon R=Rare
P=Picscnl, species stains unknown
x=Actual Specimens
Table 5.Survey response for eastern spotted skunk
(Sf)'doga le pittorius) regions of the state may have responded only to "skunk",
therefore also including the striped skunk (Mephitis mephi-
tis). Thus the results for this species are confusing and inCounty Trappers State ReportedAssociation Biologists Specimens »
need of further study.
We feel that the data from this study provide the
basis for further investigation into the status and distribu-
tion of these Arkansas mammal species. However, as with
all mail surveys, results must be regarded with caution
and used with other sources of data. Data gathered by a
mail survey may be used to indicate good localities from
which to begin subsequent investigations into species' sta-
tus.
{
ASHLEY R
BENTON R.C.P I'
P
\
BOONE R
BRADLEY R
CALHOUN C
CARROLL R,P P.A.C
CHICOT R
CLARK R I*
PCLEVELAND
CON WAY R Acknowledgments. —We wish to thank biologists
with the Arkansas Game and Fish Commission, the
United States Forest Service and those associated with the
Arkansas timber industry as well as members of the *
Arkansas Trappers Association for their help with this
project.
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CRAWFORD R,C R,P X
DALLAS R P
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Plantain Sunflower (Helianthus occidentalis subsp. plantagineus)
inArkansas
Daniel L.Marsh and Timothy A.Golden
Department of Biology
Henderson State University
Arkadelphia, AR 71999-0001
Until our recent discoveries, Helianthus occidentalis
Riddell subsp. plantagineus (Torr. 8c Gray) Heiser
(Asteraceae) was known in Arkansas only from a single
specimen (Palmer 23254, UARK) collected in 1923 from
the banks of the Ouachita River in Garland County
(Smith, 1988, 1994). On August 3, 1994, we serendipi-
tously discovered a population (Site 1)during a plant sur-
vey in the Ouachita National Forest in Perry County. We
made intensive searches for additional occurrences dur-
ing the 1995 flowering period from early July until early
September. On July 21 a second population (Site 2) was
found about 0.7 km from our first stand, and on August
10 a third population was discovered on the Ouachita
River inMontgomery County (Site 3).
Extensive searches were made in Garland, Hot
Spring, Montgomery, Perry, and parts of Saline County.
Our failure to find the plant on the Ouachita River in
Garland County led us to conclude that Palmer's 1923
site was probably inundated by the later construction of
lakes. We believe that the low yield of new sites resulting
from our searches and the fact that other botanists have
not reported occurrences are good indicators of the rari-
ty of this sunflower in the state. This subspecies probably
should be considered endangered or threatened in
Arkansas.
We found that the key characters given by Heiser
(1969) reliably separate the subspecies of//, occidentalis.
Subsp. plantagineus is distinguished by the strigose pubes-
cence (making the leaves smooth to the touch) and the
usually serrate leaf margins, in contrast to the scabrous to
hispid, usually entire leaves of subsp. occidentalis which
occurs in the northwestern corner of Arkansas. Smith
(1994) indicated a difference in petiole length based on
the Arkansas specimens that were available at the time.
After he examined material from our study sites, Dr.
Smith (personal communication) concluded that petiole
length seems to be variable and of less importance than
pubescence as an identifying character.
We have made the following observations at our study
sites. Flowering stems are seldom over 1.5 m tall, often
less than 1.0 m. Flower heads are mostly 2-3 cm wide.
Aerial stems die in the fall,but subterranean stolons give
rise at their tips to new rosettes which appear above
ground by the end of March. During the flowering peri-
od there are many more rosettes than flowering stems in
a stand. Flowering stems are usually connected by stolon
to several small rosettes surrounding the parent plant
The rays begin to emerge in early July and flowerin
peaks in August. The plants become quite inconspicuou
under drought conditions during which the leaves foldo
curl, and the flower heads may dry or produce depaupei
ate or aborted fruits.
Site 1is on Forest Road Y08 inCompartment 1408 (
the Winona Ranger District of the Ouachita Nationa
Forest (Sec 11 T3N R19W). There are two roadside patcl
es on opposite sides of a depression over a culvert whic
provides passage for a small intermittent stream. Eac
patch is roughly rectangular in shape, a little under
meters long and about half as wide. Each colony is quit
dense as a result ofthe stoloniferous habit of the plants.
Site 2 is about 0.7 km from Site 1, separated by i
steep ridge that reaches an elevation about 30 meter
higher than the sites. Most of the plants are in colonie
on both sides ofForest Road 207 at the junction of Roac
849 and 866. A few plants are scattered westward along
Road 849. This is the largest population we have found
The densest colony is on a wing ditch bank, where the
rosettes nearly cover the ground.
Site 3, in Montgomery County, is on a shale outcrop
bluffon the Ouachita River, downstream from Oden, eas
of the Hog Jaw community. It may be similar to the site
originally found by Palmer which was also on shale
There is a dense colony at the edge of the woodland oi
the bluff top, and other plants extending out along crack,
and troughs on the open outcrop. A few clumps occur on
ledges below the bluff top.
Allthree sites occur within associations of shortlea
pine, oaks, and hickories. Eastern red cedar and wingec
elm are common elements in all the sites. Winged sumac
and sericea lespedeza occur ineach area and are especial
ly abundant at Site 1, immediately adjacent to the sun
flower colonies. Brambles and greenbrier are also com
mon. The soils ofSite 1 and 2 are deeper than the shal
low soil over shale in Site 3. An abundance of ruperstrinc
cryptogams at Site 3 further distinguishes Site 3 from the
other sites. An interesting vernal associate found growing
on the ledges and vertical rock faces only at Site 3 is
Palmer's saxifrage (Saxifraga palmeri Bush).
The densest colonies are in fullsunlight, and none of
them become established under the canopy of adjacent
Proceedings Arkansas Academy of Science, Vol. 50, 1996
132
toodlands. Many roadsides and rock outcrops offer such<posure, but the rarity of occurrence suggests that this
species is not often successful in invading new areas.
Nevertheless, few other plant species seem to invade
Iense colonies of H. occidentalis. In
our sites even bram-
les have made only slight invasions. The report of allelo-
athic effects of H. occidentalis by Curtis and Cottam
1950) was disputed by Anderson and Liberta (1987) who
Hind no evidence that this species produced allelochem-
als which would inhibit seed germination or vesicular-
rbuscular mycorrhizal formation of other species in their
study area. They suggested that once the sunflowers
invade suitable sites and establish dense colonies by their
perennial rhizomatous growth, the intense competition of
such colonies limits the establishment of seedlings of
Ither species. Stipanovic et al. (1979) found evidence that>xins in H. occidentalis plantagineus from Texas may playrole in its resistance to aphids and sunflower beetles;
Hertz et al. (1983) reported that diterpenoids in this
species inhibited larval growth of the sunflower moth. A
report that H. occidentalis plantagineus produces signifi-
cant amounts of natural rubber. (Stipanovic et al., 1980)
indicates the complexity of the chemistry of this sun-
flower. Evidently H. occidentalis does produce chemicals
withprotective roles. In light of these studies we willnot
«resume to explain why the sunflower stands we foundave not succumbed to invasion by such aggressive
species as sericea lespedeza; it seems likely that both
colony structure and secondary chemicals play important
roles. Obviously, the intriguing ecology of this plant
offers opportunity for further investigation.
One nomenclatural irregularity should be noted.
Kartesz (1994) cited Shinners as the authority for sub-
species plantagineus, but it was Heiser (1969) who elevat-
ed Torrey and Cray's variety to subspecies status based
on its geographical distribution. Smith (1988, 1994) and
other authors cite Heiser as the subspecific authority.
Vouchers for the populations reported are deposited
Ii the herbaria of Henderson State University and theniversity of Arkansas at Fayetteville. We thank Dr. E.B.nith of the University of Arkansas for confirmation ofle identification. We appreciate Mr. Don Crank for mak-g a photographic record and for good company in the
Heiser, C.B. 1969. The North American sunflowers
{Helianthus). Mem. Torrey Bot. Club 22:99-115.
Hertz, W., P. Kulanthaivel and K.Watanabe. 1983. Ent-
kauranes and other constituents of three Helianthus
species. Phytochemistry 22:2021-2025.
Kartesz, J.T. 1994. A synonymized checklist of the vascular
flora of the United States, Canada, and Creenland, 2nd
ed. Timber Press, Portland, lxi+622 pp.
Smith, E.B. 1988. An atlas and annotated listof the vas-
cular plants of Arkanssa, 2nd ed. Kinko's Copies,
Fayetteville, Arkansas, iv+448 pp.
Smith, E.B. 1994. Keys to the flora ofArkansas.
University of Arkansas Press, Fayetteville, xii+363 pp.
Stipanovic, R.D., D.H. O'Brien, C.E. Rogers and T.E.
Thompson. 1979. Diterpenoid acids, (-) -cis- and (-)
-trans-o/Ac acid in wildsunflower, Helianthus occiden-
talis.]. Agri.Food Chem. 27:458-459.
Stipanovic, R.D., D.H. O'Brien, C.E. Rogers and K.D.
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Ultrastructure of Cepedietta virginiensis (Protista: Haptophryidae)
from the GallBladder of the Pickerel Frog, Rana palustris, inArkansas
Chris T.McAllister
Divisionof Natural and Applied Sciences
Cedar Valley College
Lancaster, TX 75134-3799
Stanley E. Trauth
Department ofBiological Sciences
Arkansas State University
State University, AR 72467-0599
Introduction
Five species of ciliates of the genus Cepedietta have
been reported in gall bladder and intestinal contents of
amphibians worldwide (de Puytorac, 1963; Corliss et al.,
1965), including Cepedietta gigantea (Maupas, 1879), C.
michiganensis (Woodhead, 1928), C. virginiensis (Meyer,
1938), C. fibrillataKay, 1942, and C. plethodonis (Lipscomb
in de Puytorac, 1963). With the exception of C. giganlea
known only from Old World frogs, all other species have
been reported from various North American amphibians
(de Puytorac, 1963). One of these C. virginiensis was
described from the pickerel frog, Rana palustris Le Conte,
1825, in Virginia (Meyer, 1938, 1939). To our knowledge
the species has not been reported since that time.
Ultrastructural observations have been published on
C. gigantea (de Puytorac, 1963); however, nothing is
known of the ultrastructure of other Cepedietta spp.
Herein, we present a description of C. virginiensis based
on ultrastructural studies (scanning electron microscopy
[SEM]).
As part of a survey on parasites of R. palustris
(McAllister et al., 1995), 32 juvenile and adult pickerel
frogs (snout-vent length [SVL] range = 37-75 mm) were
collected by hand between August 1993 and October
1994 from Independence (N=30) and Izard (N=2) coun-
ties of Arkansas and examined for ciliates. Methods for
necropsy and processing frogs follow McAllister et al.
(1989). Gall bladder contents were searched by light
microscopy for ciliates, and measurements were taken of
fresh material. Several specimens from a single frog were
fixed in Schaudinn's solution and stained with Gomori
trichrome for permanent voucher slides. For SEM, speci-
mens were fixed in 2% glutaraldehyde containing 0.1 M
sodium cacodylic acid buffer (pH = 7.4) for 2 h, washed
3x (10 min. each) in 0.1 M cacodylic buffer, and trans-
ferred to 70% etoh. Ciliates were gently removed and
placed onto strips ofno. 2 coverslips which had been pre-
viously subbed in 0.1% poly-L-lysine (MW 164,000).
Coverslips were then transferred temporarily into vials
containing 70% etoh. Dehydration of samples was accom-
plished by dipping coverslips through a graded etoh
series followed by two changes in amyl acetate. Coverslips
were critical point dried using liquid carbon dioxide and
attached to copper specimen strips by double adhesh
tape for plasma coating with 90% gold/ 10% palladiun
SEM images were recorded on Polaroid type 55 positive
negative film at 40 kV (70 uA) with aJEOL 100CXI
TEMSCAN electron microscope. Measurements wer
made with calibrated ocular micrometer and are reportec
as means in micrometers {\i\w)followed by the ranges i
parentheses.
A voucher specimen of R. palustris was deposited in
the Arkansas State University Museum of Zoology
(ASUMZ). A voucher slide of C. virginiensis was deposited
in the U.S. National Parasite Collection, Beltsville,
Maryland 20705 as USNPC 84276.
One (3%) of the R. palustris (gravid adult female, 7
mm SVL) collected in October 1994 from Gold Min
Springs, Independence County, harbored ciliates in th
gall bladder. One further examination, these ciliates wer
found to be Cepedietta virginiensis. Ciliates appeared eloi
gate-cylindrical in appearance and possessed dorso-vei
tral compression along the body (Fig. 1). Measurement
revealed specimens ranged in length from 600 to 1 ,00
pm, with an average of 800 um; width ranged from 8(
150 |im, with an average of 125 um. These ranges ar
somewhat larger than those presented in the origina
description by Meyer (1939). The pellicle has numerou
uniform cilia covering the entire length of the bod
arranged in longitudinal rows running spirally (Figs. 2
3). The head region contained an attachment organ ii
the form of a depression (thigmotactic sucker) surrounc
ed by a thickened cortical rim (Fig. 2). Numerous spec
mens were observed reproducing by transverse fissioi
with catenulation (Fig. 3). On closer examination numer
ous rows of cilia could be observed along the entir
length of the body (Fig. 4).
Comparative measurements ofCepedietta spp. are pr<
vided in Table 1. When compared to other Cepedietta spp
from Old and New World amphibians, specimens of C
virginiensis fall within the size ranges for all other species
It is apparent that length and width measurements vary
according to the host species and intensities of ciliates
Indeed, specimens reported by Meyer (1939) vary consic
erably in size from specimens of C. virginiensis describee
herein from the same host but a different locale.
A summary of the Cepedietta spp. from North
Proceedings Arkansas Academy of Science, Vol.50, 1996
1 ¦
Figs. 1-4. Scanning electron micrographs of Cepedietta virginiensis from Rana palustris. Fig. 1. Ventral view of specimen
showing thigmotactic sucker (arrow). Fig. 2. Closer view showing cortical thickening (arrowhead) and well-developed lib-
rillar system (arrow). Fig. 3. View showing reproduction by chain-formation (arrow). Fig. 4.View ofcilia.
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Table 1. Comparative measurements of Cepedietta spp.
from Oldand New World amphibians.
Species Length (um) Width (um)
C. gigantea
C. michiganensis
C. virginiensis
C. plethodonis
C.fibrillata
*This study
American hosts is presented in Table 2. The most widely
distributed species is C. michiganensis which has been
reported from frogs but primarily salamanders from five
states. Like this species, it is doubtful that other Cepedietta
spp. show strict host specificity, and a wider host range
would be expected for species known from a single host.
In conclusion, SEM observations on C. virginiensis are
700-1,240 123-147
200-1,580 50-60
300-400 73-95
600-1,000* 80-150*
133-1,064 47-100
600-900 160-200
reported for the first time. In addition, Arkansas repre
sents a new distributional record for the parasiste as this
ciliate has not been reported in the same or other hosts
since its original description in Virginia by Meyer (1938
1989). Investigations on other ranid frogs might revea
additional hosts forC. virginiensis.
We thank the Arkansas Game and Fish Commission
for Scientific Collecting Permit no. 1114 issued to C.T.M.,
and James T. McAllister,III,for assistance incollecting.
Literature Cited
Corliss, J.O., P. de Puytorac and J. Lorn. 1965.
Resolution ofpersistent taxonomic and nomenclatural
problems involving ciliate Protozoa assignable to
the astome family Haptophryidae Cepede, 1923. J.
Protozool. 12:265-273.
Hazard, F.O. 1937. Two new host records for the proto-
zoan Haptophrya michiganensis Woodhead. J.
Parasitol. 23:315-316.
Kay, M.W. 1942. A new astomatous ciliate from the newt,
Eurycea bislineata (Green). Amer. Midi.Nat. 27:422-427.
Table 2. Summary of the Cepedietta spp. from North American amphibians.
Species Locality Host(s) Reference
C. fibrillata Massachusetts Eurycea bislineata Kay, 1942
C. michiganensis Arkansas Plethodon albagula Winter et al., 1986;
McAllisteret al., 1993
Plethodon fourchensis Winter et al., 1986
Plethodon ouachitae Winter et al., 1986
Michigan Hemidactylium scutatum Woodhead, 1928
Ambystoma jeffersonianum Woodhead, 1928
North Carolina Plethodon glutinosus Rankin, 1937
Eurycea longicauda Rankin, 1937
Ohio Plethodon cinereus Hazard, 1937
Rana sylvatica Hazard, 1937
Tennessee Plethodon jordani Powders, 1967
P. glutinosus Powders, 1970
A.opacum Powders, 1967
Desmognathus fuscus Powders, 1967
D.monticola Powders, 1967
Pseudotriton montanus Powders, 1967
C. plethodonis Virginia P. cinereus Lipscomb, 1940
P. glutinosus Lipscomb, 1940
C. virginiensis Virginia Rana palustris Meyer, 1938, 1939
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Partial Characterization ofBacteriophages of
Pseudomonas syringae pv. tomato
Scott M.Minor and Russell O. Nordeen
University ofArkansas at Monticello
Division of Mathematics and Sciences
Monticello, AR71656
Introduction
Since the first major outbreak of bacterial speck in
1978, this disease has been a major problem for tomato
growers in certain regions of North America. This dis-
ease, characterized by small brown to black lesions, is
caused by Pseudomonas syringae pv. tomato (Jones et. al.,
1991). While bacterial speck is not a threat to the plant
itself, it reduces the marketable value of the fruit by
decreasing its aesthetic appeal to the consumer. The taxo-
nomic status ofP. tomato is uncertain at present. It is diffi-
cult to distinguish morphologically and physiologically
from other pathovars of the species, particularly
Pseudomonas syringae pv. syringae. P. syringae pv. syringae
has also been characterized from necrotic lesions on
infected tomato fruit (Jones et. al., 1981). P. tomato is also
of interest because it has been used as a model in plant
pathogen studies with Arabidopsis thaliana, to gain a bet-
ter understanding of the molecular basis of bacterial dis-
ease resistance (Whalen and Staskawicz, 1990). A compre-
hensive fine structure genetic analysis ofP. tomato would
provide useful information for these areas of interest.
Transducing bacteriophages are useful genetic tools
for analyzing closely linked bacterial genes.
Bacteriophages are classified as either virulent, whereby
infected cells lyse with liberation of new bacteriophage
particles, or temperate, in which case the infected bacte-
ria either lyse with liberation of new bacteriophage proge-
ny or become lysogenic (Hayes, 1968). In the lysogenic
state, the bacteriophage genome, now called a prophage,
replicates in tandem with the bacterial chromosome
either by establishing a plasmid form or by integrating
into the chromosome. Temperate bacteriophages capable
of establishing lysogeny probably account for most trans-
duction-mediated gene flow among bacteria in nature
and provide systems that are most easily studied
(Gerhardt et. al., 1981).
The objectives of this study were to enrich for and
characterize bacteriophages ofP. tomato suitable for trans-
duction analysis. The characterization and analysis ofbac-
teriophage isolates is useful for taxonomic purposes
because they offer valuable methods to distinguish closely
related bacterial species (Cuppels, 1983). These methods
include bacteriophage sensitivity tests and fine structure
mapping by transduction. Bacteriophage sensitivity pat-
Chad E. Paschall
University ofArkansas for Medical Sciences
4301 West Markham
LittleRock, AR 72205
terns have been used to show that the cherry and plum
pathotypes of P. syringae pv. morsprunorum are two dis-
tincthomogenous groups (Crosse and Garrett, 1963).
Materials and Methods
In preliminary tests, 44 strains of P. tomato wer
grown in NBY media to determine the presence of tern
perate bacteriophages and to determine which strain
would be suitable hosts for bacteriophage propagatio
and enrichment (see Table 1). NBYmedia was used for a
bacterial strains (Vidaver, 1967). NBY soft agar (0.7 g/10
ml) was used to create overlays for bacteriophage enrich
ment and titer (Adams, 1959). Media components wer
obtained from Fisher Scientific Co. (St. Louis, MO). Ii
the initialsurvey for temperate bacteriophages, the bactc
rialstrains tested were grown to stationary phase inNBY
broth at 28 °C and diluted in bacteriophage buffer to an
optical density of 0.15 at 600 nm. The bacteriophag
buffer consisted of 10 mM Tris-HCl and 10 mM MgSO,,
pH 7.5. NBY thick agar plates containing 35-40 ml o
freshly prepared NBY agar were overlaid with 3 ml o
molten NBY soft agar at 50 °C containing approximately
x 107 cells per ml of the bacterial strain to be tested
Following overnight incubation of these plates at 28 C
(16-20 hours), 5 mlof bacteriophage buffer was added t(
the surface of each overlay and the plates were incubatec
at room temperature for 2 hours. The bacteriophage
buffer was drawn off each plate with a sterile Pasteu
pipet and placed into 30 ml Oak Ridge centrifuge tubes
which were centrifuged at 10,000 rpm at 4°C for 10 to 3(
minutes. The supernatants were removed and chloroform
was added to each of these preparations (5% v/v). These
supernatant solutions were tested immediately for bacte
riophages or stored at 4"C for one to two days and thei
tested.
To determine the presence ofbacteriophages, 5-10 (i
of each supernatant was spotted onto overlays ofall 44 P
tomato strains in a 44 x 44 cross. Bacteriophages in
plaques that formed were propagated by removing the
section of the soft agar containing the plaque by suction
using a sterile Pasteur pipet and resuspending the agai
plug in 0.1 to 0.5 ml of bacteriophage buffer containing
chloroform (5% v/v). This suspension was incubated at
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fable 1. Pseudomonas syringae pv. tomato strains tested forhage production.
Source+Strains* Geographical Origin
Canada10862
Australia
Australia
Nebraska
California
Georgia
30555
31861
AV80
B19
B88
Bl17
Bl18
B120
B121
B122
B125
B181
B191
CNBP 1323
JL1031
LI053
LI060
LI075
LI105
LI120
NCPPB880
NCPPB2424
PDDCC3357
PT14
iO /
CNBP1318
DC84-1
(C92-10C3000
PDDCC3647
PST95
SM78-1
OKI
Denny
Denny
Denny
Denny
Denny
Denny
Denny
Denny
Denny
Denny
Denny
Denny
Denny
Denny
Denny
Denny
Denny
Denny
Denny
Denny
Denny
Denny
Denny
Denny
Denny
Denny
Denny
Denny
Denny
Cuppels
Cuppels
Cuppels
Cuppels
Cuppels
Cuppels
Cuppels
Cuppels
Cuppels
Cuppels
Cuppels
Bender
Georgia
Florida
Delaware
New Jersey
California
Canada
Georgia
Georgia
France
California
California
California
California
California
California
Yugoslavia
Switzerland
New Zealand
California
California
California
Venezuela
Canada
Greece
Switzerland
Canada
Canada
England
Australia
Canada
South Africa
Canada
Georgia
Canada
Oklahoma
Oklahoma
Oklahoma
Oklahoma
Bender
Bender
Bender
PT12
PT17
PT23.2
* Strain numbers used are those devised by the original
suppliers of the cultures (Denny, 1988). Abbreviations are
CNBP, Collection National de Bacteries
Phytopathogenes, Angers, France; NCPPB, National
Collection of Plant Pathogenic Bacteria, Harpenden, UK;
PDDCC, Plant Diseases Division Culture Collection,
Auckland, NZ.
t Sources of strains include the following: Bender, C.
Bender, Oklahoma State University, USA; Cuppels, D. A.
Cuppels, Agriculture Canada, Ontario, Canada; Denny, T.
P. Denny, University ofGeorgia, USA.
room temperature for 2 hours. Serial dilutions in bacte-
riophage buffer were then spotted (5-10 fil)onto an over-
lay of the host strains B19, PST6 or PDDCC3647. Isolated
plaques were picked and the entire procedure repeated
two more times to ensure purified bacteriophage prepa-
rations. Purified bacteriophage isolates were titered by a
spot titering method in which 10 \i\ aliquots of serial dilu-
tions of bacteriophages in bacteriophage buffer were
spotted onto soft agar overlays containing one of the
three bacterial hosts. A suitable dilution for enrichment
was one that produced overlapping plaques (-1,000
plaques per plate). The enrichment plates were incubated
overnight (16-20 hours) and overlaid with 5 ml of bacte-
riophage buffer. The enriched bacteriophage prepara-
tions were centrifuged and the supernatants were filtered
into 1.5 ml Eppendorf tubes through 0.2 urn Supor
Acrodisc 32 filters (Gelman, Ann Arbor, MI). Tilers of
the enriched bacteriophage isolates were determined by
the spot method or by the plate method in which 0.1 ml
of appropriate bacteriophage dilutions in bacteriophage
buffer were added to 3 ml of molten soft agar at 50"C
containing the appropriate density of host cells (1 x 10"
per ml). The tube was then mixed and poured over an
NBY agar thick plate. Following overnight incubation at
28°C, the plates were checked and the bacteriophage titer
determined by counting plaques and multiplying by the
plating factor and dilutions. High titer bacteriophage
preparations were stored at 4 C.
Results and Discussion
Preliminary attempts to show bacteriophage produc-
tion in broth cultures were unsuccessful. However, using
the plate method described in the Materials and Methods
section, over 50% of strains gave evidence of plaque for-
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Table 2. Source, titer, and plaque morphology ofP. tomato bacteriophages.
Host Strain Phage Isolate Source* Titert Plaque Morphology*
PST6 7 AV80 1.5xlO10 <lmm,T
PST6 9 PT30 1.2xl()l() l-2mm, T
PST6 17 PT17 1.2x10"' l-2mm, T
PST6 18 DC92-10 1..0xl() l() l-2mm, T
B19 3 CNBP1323 2.3xlO10 2-3mm, C, H
B19 21 PST95 4.7x10'° 2-3mm, T,H
B19 27 T4B1 6.9x10'° 2-3mm, C, H
B19 31 30555 3.0xl()10 2-3mm, C, H
B19 33 B121 5.3x10'° 2-3mm, C, H
B19 36 B125 6.1x10'° 2-3mm, C, H
B19 40 10862 4.1x10'° 2-3mm, C, H
B19 43 SM78-1 3.4x10'° 2-3mm, C, H
PDDCC3647 5 JL1060 1.6x10'" l-2mm, T
PDDCC3647 10 JL1053 1.6x10'° l-2mm, T
PDDCC3647 14 PT23.2 1.5x10'° <lmm, T
PDDCC3647 15 PT14 4.8x10'° l-2mm, T
PDDCC3647 16 DC84-1 3.0x10'° l-2mm, T
PDDCC3647 22 JL1075 1.0x10'° l-2mm, T
PDDCC3647 23 PT21 4.2x10'° <lmm, T
PDDCC3647 24 JL1031 2.3x10'° <lmm, T
*Refer to Table 1
t Titers (pfu/ml) are the highest achieved from plate enrichments as determined by either spot titers orplate titers as
indicated in the Material and Methods. Titers were repeated at least twice for each bacteriophage isolate withduplicate
samples counted and an average determined in each instance.*C = clear, H= halo and T= turbid
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obtained in this study have not been rigorously examined.
Nonetheless, plaque forming ability in supernatants from
strains of diverse geographical orgin was observed,
bacteriophage isolates propagated and enriched on strain
$19 from California came from such disparate locations
as Australia, France, South Africa and Venezuela. Incon-
rast, strain PDDCC3647 from Australia showed good
Dlaque formation using supernatants obtained only from
California and Canada strains. The basis of these differ-
ences is not clear. It does indicate however that P. tomato
trains which harbor bacteriophage are ubiquitous and
raises the possibility that bacteriophages may play a role
ingene transfer on plant surfaces (Kidambi et. al., 1994).
Demonstration of transducing activity for bacteriophages
isolated from supernatants of P. syringae pv. syringae
strains indicates that the bacteriophage isolates obtained
in this study also may be useful for this purpose (Nordeen
and Currier, 1983). Further physical characterization of
the bacteriophage isolates including electron microscopy
of density gradient purified bacteriophage particles and
restriction enzymes digests of bacteriophage DNA is in
progress and should establish the identity of the bacterio-
phage isolates.
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A Recent Record of the White Sucker, Catostomus commersoni,
in the White River System, Arkansas
James C. Petersen and Faron D.Usrey
U.S. Geological Survey
401 Hardin Road
Little Rock, Arkansas 7221 1
In Arkansas the white sucker, Catostomus commersoni x
is an uncommon inhabitant of small streams and is con-
fined to the Arkansas and White River systems near the
Arkansas-Missouri border, which is on the southern edge
of the white sucker's distributional range (Robison and
Buchanan, 1988). In Arkansas the white sucker is most
commonly collected in the IllinoisRiver drainage, which
is a part of the Arkansas River system. As recently as the
summer of 1995, sampling of four sites in the Illinois
River drainage, headwater reaches of Osage and Spring
Creeks, conducted by the Arkansas Department of
Pollution Control and Ecology (ADPCE) yielded 25 white
suckers, indicating a well-established population of white
suckers in these spring-fed headwaters in the Illinois
River drainage.
In the White River system, the white sucker is com-
monly collected in southern Missouri (Pflieger, 1975) and
has been very commonly collected in Taneycomo
Reservoir and its tributaries and in some tributaries to
Table Rock Reservoir on the White River (Tim Banek,
Missouri Department of Conservation, pers. comm.,
1996) about 10-20 km north of the Arkansas-Missouri bor-
der. Meek (1894) reported the presence of white suckers
in the Middle Fork of White River at Fayetteville,
Arkansas, and Spring River at Mammoth Spring,
Arkansas. However, Robison and Buchanan (1988) report
only one recent record of the white sucker from the
White River system in Arkansas. This record is from a col-
lection by the Bureau ofSport Fisheries and Wildlife in
the Sugarloaf Creek area (Boone County) in 1969
(Thomas M. Buchanan, Westark Community College,
pers. comm., 1996). The locality of this record is one of
about 60 localities which Robison and Buchanan (1988)
report sampled in the White River system upstream of
the Buffalo River. Cashner (1967) reported examining a
white sucker from a fisherman's creel below the dam on
the White River at Batesville, Arkansas.
Recently, a single white sucker was collected within
the White River system from Yocum Creek (T. 21 N., R.
22 W., sec. 30) in Carroll County southeast of the town of
Oak Grove on 4 August 1994 by the U.S. Geological
Survey (USGS) and ADPCE. One collection effort with
an active duration of 50 minutes was made using a back-
WilliamE. Keith andJames A.Wise
Arkansas Department ofPollution Control and Ecology
P.O. Box 8913
LittleRock, Arkansas 72219
pack electrofisher (pulsed DC). The collection was part o
fish community sampling associated with a USGS stud)
of the water quality of the Ozark Plateaus (Freiwald
1991) and an ADPCE study of water quality in the uppei
White River drainage (Arkansas Department of Pollution
Control and Ecology, 1995). Sampling at this location in
1985, 1993 and 1995 and at two adjacent locations on
Yocum Creek in 1993 did not yield any white sucker speci-
mens.
The collected specimen had a total length of 332
mm, standard length of 280 mm, and a live weight of 347
grams. No external parasites or other anomalies were
noted. Distinguishing characteristics of the specimen
were the silvery body, small scales, and papillose lips
(Robison and Buchanan, 1988). Photos documenting the
distinguishing characteristics were made and the speci-
men was released in apparent good condition into the
habitat from which it was collected.
Yocum Creek is a 4th-order stream flowing generally
northward through the Springfield Plateau into Table
Rock Lake. Yocum Creek flows into Table Rock Lake
about 8 km downstream of the collection site. At the col-
lection site, Yocum Creek has a drainage area of 13,675
ha. Yocum Creek is a perennial stream (Hunrichs, 1983);
although data are few, the average discharge at the site is
estimated to be about 1.5 to 2.0 m:Vs. Several springs flow
into Yocum Creek and its tributaries (Joseph and Green,
1994). The largest of these springs, with a discharge of
about 0.2 m:Vs flows into Spring Creek which flows into
Yocum Creek 0.7 km downstream of the collection reach.
The reach where the white sucker was collected contains
a series of riffles, runs, and small pools. A stream habitat
assessment of the reach was performed on 13 July 1993.
The 260-meter reach had a mean width of 13 m and a
mean depth of 45 cm. The mean channel gradient is 3.7
m per km. Measured velocities on that date ranged from
0.24 to 0.98 meter per second with a mean velocity of
0.45 meter per second. Cobble was the most common
substrate; gravel was almost as common. Water willow
(Justicia americana) was present, but no other emergent or
submerged macrophytes were observed within the reach.
Approximately 75 percent of the watershed within the
Yocum Creek drainage basin upstream from the collec-
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tion reach is used for agricultural purposes, mostly pro-
duction of poultry and cattle. Additional information on
land use within the basin can be found in Joseph and
Green (1994). Most of the land adjoining one bank of the
reach is pasture; consequently, much of that bank has few
trees.
Water-quality data have been collected by the USGS
since April1993 at a site approximately 100 meters down-
stream of the reach. Yocum Creek is a well-buffered
stream with alkalinities ranging from about 120 to 150
mg/L. Nutrient concentrations in Yocum Creek are high-
er than in many Ozark Plateaus streams. Median concen-
trations of dissolved nitrite plus nitrate (as nitrogen) and
total phosphorus were 2.6 and 0.04 mg/L, respectively, in
samples collected between April 1993 and September
1995.
The fish community sample collected on 4 August
1994 indicates that stonerollers (Camposloma anomalum
and C. oligolepis) and duskystripe shiners (Luxiluspilsbryi)
are the numerically dominant species. Northern hog
suckers {Hypentelium nigricans) and golden redhorse
(Moxostoma erythrurum) were collected, but comprised less
than 2 percent of the sample. Pflieger (1975) notes that
habitats where white suckers are abundant usually are
largely devoid ofother suckers.
The white sucker apparently is quite rare in Arkansas,
particularly in the White River system. The explanation
for the relatively common occurrence in reservoirs and
south-flowing tributaries of the White River in Missouri
and the rare occurrence in the nearby north-flowing trib-
utaries to the White River in Arkansas is unclear to us.
However, slight differences inone or more critical factors
may have substantial effects upon a species near the edge
of its distributional range. Additional fish community
sampling of Yocum Creek during the next several years is
planned by the U.S. Geological Survey. These sampling
efforts may produce additional information on the exis-
tence of the white sucker within the White River system
of Arkansas.
Literature Cited
Arkansas Department ofPollution Control and Ecology.
1995. Water quality, macroinvertebrate, and fish com-
munity survey of the upper White River watershed,
northwest Arkansas. Arkansas Department of
Pollution Control and Ecology, Little Rock, Arkansas.
85 pp.
Cashner, R. C. 1967. A survey of the cold tailwaters of
the White River in northwestern Arkansas, and a
comparison of the White River with selected warm-
water streams. Unpublished M.S. thesis. University of
Arkansas, Fayetteville, 143 pp.
Freiwald, D. A. 1991. National Water-Quality Assessment
Program-Ozark Plateaus. U.S. Geological Survey
Open-File Report 91-162. Little Rock, Arkansas. 2 pp.
Hunrichs, R.A. 1983. Identification and classification of
perennial streams of Arkansas. U.S. Geological
Survey Water-Resources Investigations Report 83-
4063. LittleRock, Arkansas. 1 sheet.
Joseph, R.L. and W. R. Green. 1994. Water-quality recon-
naissance and streamf lowgain and loss of Yocum
Creek basin, Carroll County, Arkansas. U.S.
Geological Survey Open-File Report 94-537. Little
Rock, Arkansas. 14 pp.
Meek, S.E. 1894. A catalog of the fishes ofArkansas.
Ann.Report Arkansas Geological Survey for 1891,
2:216-276.
Pflieger, W.L. 1975. The fishes of Missouri. Missouri
Department of Conservation, Jefferson City,
Missouri. 343 pp.
Robison, H.W. and T.M.Buchanan. 1988. Fishes of
Arkansas. The University of Arkansas Press,
Fayetteville, Arkansas. 536 pp.
Proceedings Arkansas Academy of Science, Vol.50, 1996
Observational Learning inSable Ferrets (Mustela putorius furo)
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From a cognitive perspective, observational learning
can be operationally defined as a form of learning that
does not require direct experience and/or reinforcement,
i.e., learning by watching another individual's behavior
(Hergenhahn, B.R. and M.H. Olson, An introduction to
theories of learning, Prentice-Hall, Inc. pp. 319-351,
1993). This complex phenomenon (in contrast to simple
imitative learning) is quite evident inHomo sapiens, but in
the history of comparative psychology has not been
thought to occur in nonhuman animals. For example,
Thorndike (Psych. Rev., [Mon. Suppl., 2. No. 8], 1898;
Psych. Rev., Mon., 3 (15), 1901) investigated observation-
al learning with cats in a puzzle box problem solving task
in which a naive cat in an adjoining cage would observe a
sophisticated cat escape from a puzzle box. Thorndike,
and subsequently Watson (Psych. Bull., 5. 1908), also
explored observational learning with monkeys and con-
cluded that nonhuman animals do not have the ability to
learn behavior by watching other organisms. In more
recent years, arguments have been made for the occur-
rence of observational learning in a variety of animal
species including birds, otters, bears, porpoises, whales,
and nonhuman primates (Griffin,D.R., Animal thinking,
Harvard University Press. 237 pp., 1984), but others sug-
gest that this ability is limited to primate species (Bailey
M.B. and R.E. Bailey, Changing behavior-for the better,
Henderson State Univ. Press, pp. 43-44, 1995).
Nevertheless, in the spirit ofcomparative psychology, we
opted to investigate the ability of sable ferrets to demon-
strate observational learning.
latency to escape from the puzzle box until they had mas-
tered the task. For the next five days we matched naive
ferrets (the vicarious group) with sophisticated ferrets
(the direct learning group), thus affording the naive ani-
mals the opportunity to observe the escape routine.
Unlike Thorndike, we placed each of the naive ferrets
with their matched partners in the puzzle box as opposed
to being placed in an adjacent holding cage. We selected
this approach because we doubted whether Thorndike's
naive cats could see their counterparts wellenough to
even engage in imitative behaviors, let alone observation-
al learning. After their observation phase, we put the vic-
arious learning group through the same ten day regime
as the direct learning group to assess possible evidence of
observational learning, namely whether the learning
curve of the vicarious group surpassed that of the direct
group in terms of performance.
Figure 1 depicts the mean learning curves for both
groups of ferrets across the ten days of the puzzle box
problem solving task. As anticipated, all of the ferrets
appeared highly motivated to try to escape from the puz-
zle box, immediately scratching and biting at the small
openings between the slats of the peach crate. We ana-
lyzed our latency data using a multifactor analysis of vari-
ance, yielding a significant decrease in escape latency
across days for both groups of ferrets (F(9,36) =
15.39,/K.OOO1 }.Although we did not obtain a significant
difference in escape latency between groups, there was a
definite trend for the vicarious learning ferrets to solve
the puzzle box problem more quickly than the direct
learning ferrets. For example, the mean escape latency
for the vicarious ferrets dropped to approximately 4.5
minutes by the second day and decreased to approximate-
ly 1.5 minutes by day five, whereas the direct ferrets had
mean escape latencies of 10 minutes and approximately 7
minutes on days two and five, respectively (Fig. 1). We
attribute the lack of a significant effect to the fact that
each group had one ferret that performed quite different-
ly from the other members of their respective group, thus
yielding a high degree of variability inour data.
We assigned six male ferrets (Mustela putorius furo) to
one of two groups, a direct learning group and a vicari-
ous learning group (observational learners). We con-
structed a puzzle box (similar to that of Thorndike's) out
of a wooden peach crate which was almost totally
enclosed and from which a ferret could only escape by
flipping a small latch that opened a door. Our initial
behavioral observations of ferrets in conjunction with
observations from an earlier study (Cormier, S. and T.
Wiebers, Proc. J. Ar. Und. Res. Conf., 2, pp. 22-23, 1995)
suggested to us that domestic ferrets do not like being
confined in small places, thus we expected that they
would naturally be motivated to attempt to escape from
the puzzle box. We allotted each of the direct learning
ferrets ten minutes a day for ten days and recorded their
We believe that our study provides evidence that
observational learning can indeed occur in small animal
species such as ferrets, particularly given the fact that two
of the vicarious learning ferrets escaped from the puzzle
box in less than 2 minutes on their second day, and con-
»
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sistently improved their performance throughout the
remainder of the study (the remaining ferret in this
group improved as well,but to a much lesser degree). We
hypothesize that Thorndike failed to see observational
learning in his cats because they did not get direct expo-
sure to the behavior ofhis puzzle box sophisticated cats.
Perhaps ifhe had employed procedures similar to ours
(i.e., by allowing a naive cat to observe from within the
same puzzle box as a sophisticated cat), he may have wit-
nessed observational learning in his species as we did in
ours. While observational learning in animal species
other than primates is still controversial in the field of
animal behavior (Bailey and Bailey, 1995), our study con-
tributes to the knowledge of observational learning in
small animal species such as ferrets, and moreover, sug-
gests the need for further study of this phenomenon in
the discipline ofcomparative psychology.
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Subspecific Recognition inArkansas Ringsneck Snakes
(Diadophis punctatus)
Stanley E. Trauth
Department ofBiological Sciences
Arkansas State University
State University, AR 72467-0599
Inhis treatise on the morphology ofringneck snakes,
Blanchard (1942) described the distribution of the two
subspecies of ringneck snakes in Arkansas [Mississippi
ringneck (D. punctatus sticlogenys) and prairie ringneck (D.
punctatus arnyi)] as being "south of the Ozark uplands. . ."
and "the higher parts of Arkansas", respectively.
Blanchard drew his conclusions based on only a very lim-
ited sample (n = 11) of these snakes from Arkansas. Since
then, range maps, beginning with one by Wright and
Wright (1957) and followed by those of Conant (1958,
1975) and Conant and Collins (1991), have generally fol-
lowed Blanchard by separating the two subspecies along a
boundary which generally splits the two natural physio-
graphic regions of the state into the Mississippi Delta and
Gulf Coastal Plain (the lowlands) and the Interior
Highlands (Ozark Mountains in the north and the
Ouachita Mountains in the south). As a rule, this bound-
ary between natural divisions does not prevent range
extensions between the two regions by most terrestrial
snakes. However, exceptions include the ranges of a few
highly aquatic snakes of the lowlands as illustrated by
Conant and Collins (1991) [e.g., the western mud snake
(Farancia abacura reiniuardtii)and the broad-banded water-
snake (Nerodia fasciata confluens)]', these snakes are not
distributed into the highland region and are presumably
limited by the abrupt rise in relief features at the edge of
the highlands (Fig. 1).
The present study was initiated to gather morphologi-
cal data on a large sample of ringneck snakes in order to
update the distribution of D. punctatus in the state. This
investigation examined morphological features, such as
scale counts and ventral spotting pattern, which have tra-
ditionally been used to separate the two subspecies in the
state as well as in other parts of the species' range
(Gehlbach, 1974; Conant and Collins, 1991).
A total of 252 ringneck snakes was examined during
this study. Most of the specimens were collected since
1984 and have been housed in the Arkansas State
University herpetological collection. All snakes were
sexed; the snout-vent length (SVL) and tail length were
measured to the nearest mm. Meristic data of selected
scutellation features were obtained from most snakes. For
example, the number of dorsal scale rows on all snakes
was counted at two regions of the body; i.e., near the
neck and at midbody (Gehlbach, 1974). Another count at
a third body region, just anterior to the vent, was also
conducted on some specimens. The number of ventrals
and subcaudals was derived from a subsample of adult
snakes; the ventral spotting pattern ineach specimen was
noted. Mean values of various scale counts are accompa-
nied by ± one standard deviation.
Ventral spotting pattern.
—Compared to Mississippi
ringneck snakes, prairie ringneck snakes in Arkansas pos-
sess a highly variable ventral spotting pattern. This fea-
ture was dramatically illustrated as six different types in a
localized Kansas population of D. p. arnyi (Fitch, 1975).
On the other hand, D. p. sticlogenys is less variable and
usually possesses a double row of ventral spots which
extend the length of the body. Because the double row of
belly spots can occur in either subspecies, this character
was mostly ineffective as a reliable diagnostic character in
samples from most ofnorthern Arkansas.
Morphometric dimensions and scale counts. —Adult
body size inboth subspecies of ringneck snakes was most-
ly similar in the samples examined; females are always
larger and longer than males. In the present study the
largest specimen, a female D.p. arnyi measuring 331 mm
SVL, was considerably greater in size than the largest
male (270 mm SVL). InD. p. sticlogenys, these measure-
ments were 284 and 285 mmSVL, respectively. Males pos-
sess fewer ventrals than females but have a greater num-
ber of subcaudals (Ernst and Barbour, 1989). The average
number of ventrals in male and female D. p. arnyi was
152.7 ±5.7 (n = 18; range, 144-163) and 160.7 ±6.5 (n =
14; range, 152-175). InD. p. stictogenys these scale counts
were fewer in number averaging 148.7 ±9.7 (n = 7; range
137-165) and 150.8 ±15.2 (n = 9; range, 122-171), respec-
tively. The average subcaudal count for male and female
D. p. arnyi was 48.3 ±3.7 (n = 18; range 42-52) and 41.9
±3.5 (n = 13: range, 36-47), respectively, whereas the same
count for a subsample ofI),p. stictogenys was 49.6 ±5.5 (n
= 7; range, 45-50) and 40.1 ±2.2 (n = 7; range, 37-43).
Dorsal scale rows.
—
The number of dorsal scale rows
(i.e., 17-17 for D. p. arnyi and 15-15 for D. p. stictogenys)
was the most useful diagnostic feature that was used to
distinguish specimens from Arkansas (Fig. 1); this charac-
ter has been used in the past by various authors to sepa-
rate these subspecies (e.g., see Blanchard, 1942; Smith,
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Fig. 1. Distribution of two subspecies ofringneck snake, Diadophis p. arnyi and D.p. stictogenys, in Arkansas. Solid circles =
D. p. arnyi, squares =D.p. stictogenys, and open circles =D.p. arnyi X stictogenys intermediate specimens. Bold line extend-
ing from the lower left to the upper right in the state represents a boundary line separating the Interior Highlands from
the Mississippi Delta and Gulf Coast Plain regions (see text for explanation).
1961; Gehlbach, 1974; Conant and Collins, 1991).
Intergrades between the two subspecies possessed inter-
mediate dorsal scale row counts of 15-16 and 16-17.
Region of intergradation and sympatry.
—Through
the use of dorsal scale row counts, a rather broad region
of integradation was determined to exist between D. p.
arnyi and D. p. stictogenys in Arkansas; this region includ-
ed nearly all of the Interior Highlands (Fig. 1). Previous
distribution maps (those mentioned above) have failed to
depict this zone; yet, evidence is available to indicate an
integradation zone for these subspecies from surround-
ing states [i.e., for southeastern Missouri (Johnson, 1987),
southern Illinois (Minton and Minton, 1948; Smith,
1961), and southeastern Oklahoma (Webb, 1970)]. Webb
(1970) mentioned the occurrence of D. p. stictogenys in
southeastern Oklahoma, but stated that further study was
required there to determine its status. In northern
Arkansas, much of the Salem Plateau (extending from
Randolph County over to Marion County and then south
to Independence County) is inhabited by D. p. stictogenys.
In addition, this subspecies extends northward well into
the Fourche Mountains subdivision of the southern
>
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Ouachita Mountains. Surprisingly, even highland popula-
tions of D. p. arnyi in extreme northwest Arkansas also
show some influence by D. p. stictogenys (possibly due to
its association with an extension of the Salem Plateau into
that region).
In conclusion, the new information provided by this
investigation has clarified the distribution of the two
Arkansas subspecies of ringneck snake (prairie ringneck-
Diadophis punctatus arnyi and Mississippi ringneck--Z). p.
stictogenys). Typical D.p. arnyi exhibit the dorsal scale row
formula 17-17, whereas D.p. stictogenys is characterized by
the formula 15-15. The ventral spotting pattern for both
subspecies is highly variable and normally cannot be used
with certainty in separating the two taxa within the area
of sympatry. General distribution maps have depicted the
two subspecies occupying nonoverlapping ranges in
Arkansas. Historically, the dividing line between the two
races has been the boundary separating the Interior
Highlands from the Mississippi Delta/Gulf Coastal Plain
physiographic provinces. The results of the present study
identify a broad region of sympatry and integradation
which does not coincide strictly to physiographic
provinces.
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The "mossback condition" (the presence of epi-
zoophytic algae) on the carapace ofaquatic turtles is well
documented (Edgren et al., 1953; Neill and Allen, 1954;
Proctor, 1958; Gibbons, 1968; Belusz and Reed, 1969).
The degree of colonization varies among species of tur-
tles, presumably due to differential use of habitat and
basking activities (Edgren et al., 1953; Ernst and Barbour,
1972) and the fact that some turtle species periodically
shed scutes thereby removing the growth of algae
(Gibbons, 1968; Ernst and Norris, 1978).
The most common and best studied forms of algae
causing this condition are Basidadia chelonum and B. eras-
sa (Proctor, 1958), although Cladophora glomerata,
Rhizoclonium hieroglyphicum, Dermatophyton radicans, and
Gongrosira debaryana also have been reported (Edgren et
al., 1953; Dixon, 1960; Belusz and Reed, 1969; Ernst and
Barbour, 1972; Hulse, 1976). In addition to these green
algae, Belusz and Reed (1969) reported the cyanobacteri-
um Pledonema tenue on the carapace of a common snap-
ping turtle (Chelydra serpentina), and another cyanobac-
terium {Entophysalis rivularis) was found growing epiphyt-
ically on Basidadia spp. on the stinkpot turtle
{Sternotherus odoratns) and on the common snapping tur-
tle (Edgren et al., 1953). Oscillatoria sp., Trichodesmium
sp., and Lyngbya sp. also have been reported (Ernst and
Barbour, 1972).
Basidadia spp. were thought to occur exclusively on
the carapace of aquatic turtles, but Proctor (1958) report-
ed itattached to stones and concrete walls of turtle pens,
and Curry et al. (1981) reported iton the shells of fresh-
water clams in Louisiana. Additional algae not reported
on turtles were associated with Basidadia spp. in these sit-
uations, and it is likely that other algae occur on turtles.
Algae that colonize a substrate set up conditions
which allow a community ofmicroorganisms to develop.
However, literature lacks any documentation of the diver-
sity of other microorganisms present on turtles. Proctor
(1958) noted only that "several other filamentous algae
that are common to streams occasionally attach to turtle
shells." Further, Neill and Allen (1954) stated simply that
the algal growth on turtles supports a fauna of crus-
taceans, including cladocerans, copepods, ostracods, and
amphipods. A few commensal organisms have been docu-
mented on certain turtles. Evermann and Clark (1916)
reported the protozoan Opercularia sp. on the plastron of
stinkpots; Dixon (1960) found the bryozoan Plumalella sp.
on several turtle species, and Goodrich and Jahn (1943)
listed epizoic suctorian protozoans from the western
painted turtle (Chrysemys picta).
Turtles move between bodies of water, and because
they often carry a community of micro-organisms on the
carapace and plastron, they likely aid in the dispersal of
at least some forms of life associated with the shell. The
objective of this study was to evaluate the diversity of
organisms that could be found associated with the shell
ofaquatic turtles in Arkansas.
The study was focused on a pond near Highway 70 in
the southeastern corner of Montgomery County,
Arkansas, in which turtles were abundant. Collections of
Missouri cooter {Pseudemys concinna metteri) and red-eared
slider {Trachemys scipta elegans) were made during
September, October, and December, 1995, and March,
1996. A long-handled dipnet was used to capture turtles,
which were placed separately in buckets for transporta-
tion to the laboratory. The condition of the shell was
noted as being clean, muddy, or "mossy." Within one day
of capture, the carapace and plastron were scraped in sev-
eral locations and the samples placed on slides for identi-
fication of organisms. Identification of motile organisms
was aided by use of Protoslo* medium (Carolina
Biological Supply Company). The entire slide was
searched using transects across the viewing field.
Occurrence of species was tabulated and relative abun-
dance of some organisms was noted, but counts were not
taken. After sampling oforganisms, turtles were released
in a similar habitat in Montgomery County (not the same
pond to avoid resampling).
Classification of organisms was based generally on
Whitford and Schumacher (1984) for algae and Pennak
(1978) for invertebrates. Pennak (1978) arbitrarily was fol-
lowed for classification of flagellates.
At least 92 different taxa of microorganisms were
identified, including 4 Cyanobacteria, 21 green algae (of
which 9 were desmids), 13 diatoms, 12 flagellated proto-
zoans, 4 sarcodinians, and 19 ciliates (Table 1). Also
encountered were flatworms, gastrotrichs, rotifers, nema-
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todes, oligochaetes, cladocerans, copepods, ostracods,
and bloodworms.
Most of the turtles examined (n=38) were cooters,
which partly may account for the larger number of taxa of
microorganisms found on cooters incomparison with the
number found on red-eared sliders (n=12). Due to sample
size, statistical analysis was limited to the sample of coot-
ers. Two-way analysis of variance (ANOVA) was used to
compare the number of taxa found on the carapace and
plastron of cooters over three months ofcollection. Mean
numbers of taxa on the carapace forSeptember, October,
and December were 19.6, 21.1, and 8.8, respectively. For
the plastron means were 12.3, 11.8, and 7.3. The carapace
supported significantly more taxa than the plastron
(P<().()001), and the number of taxa of microorganisms
present varied with month of collection (P<().()()01). A
Tukey's test (Sokal and Rohlf, 1981) indicated no differ-
ence between the number of taxa present in September
and October, but both months differed from December
samples. Conditions during the first two months appar-
ently promoted photosynthesis, whereas by December
colder weather, reduced photoperiod, reduced surface
activity of turtles, and the shedding of scutes likely affect-
ed the decline in diversity of microorganisms found on
the shell.
Diversity of microorganisms on the carapace and
plastron also was examined in relation to the appearance
of the shell. Organisms recovered from clean shells were
extracted from the spaces between scutes and often were
dominated by Oscillatoria spp. and Anacystis (-Polycystis)
sp. These cyanobacteria imparted a blue-green streak to
the border between scutes on the plastron. A "mossy"
appearance on the carapace was typical of filamentous
epizoophytic algae, but a brownish mossy effect on the
plastron (and not uncommonly on the chin) was due to
attrached protozoans such as Epistylis sp.
ANOVA was used to evaluate whether appearance of
the shell was related to the diversity of associated organ-
isms on the carapace or plastron. Photosynthetic
(autotrophic) and heterotrophic organisms were exam-
ined separately because they may respond differently to
conditions. Diversity ofphotosynthetic taxa (Table 2) was
greater on the carapace than on the plastron (P<0.()()01),
but diversity of heterotrophs did not differ significantly ,
between carapace and plastron (P=0.2560). However, the
plastron was observed to support greater densities of
attached protozoans (suctorians and peritrichs). Motile
protozoans, desmids, and other unattached organisms J
typically occurred in close association to the filamentous
algae. j?
Table 1.Frequency of occurrence ofmicroorganisms on the carapace and plastron ofMissouri Cooter (Pseudemys concinna
metieri)and Red-eared Slider (Trachemys scripta elegans) turtles from a pond in Montgomery County, Arkansas.
Pseudemys
(n=38)
Trachemys
(n-12)
«
Plastron Carapace PlastronCarapace
Cyanobacteria (Blue Green Algae)
Anabaena sp. 0.08 0.08
0.89
0.45
0.34
Oscillatoria spp. 0.97 1.00
0.83
0.42
0.83 4
Anacystis sp.
Spirulina sp.
Chlorophyceae (Green Algae)
Basicladia sp.
0.89 0.17
0.50 0.33 ?
0.37 0.16
0.03
0.42
Spirogyra spp.
Oedogonium sp.
Bulbochaete sp.
0.03 0.08
0.03
0.05
0.03Mougeotia sp.
Ankistrodesmus sp. 0.18 0.03 0.17
0.08Coelastrum sp.
Pediastrum sp.
0.05 0.08
0.03 0.08
0.34
0.08
Scenedesmus spp.
Selenastrum sp.
0.68 0.75
0.17
0.08
0.08
0.25
0.05 0.08
Tetraedron sp.
Treubaria sp. 0.08
Desmids
Arthrodesmus sp. 0.37 0.05 0.50 0.17
a
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Cosmarium spp. 0.21 — 0.17
—
Closterium spp. 0.13 0.05 0.17 —
Desmidium sp. 0.05 — — —
Euastrum sp. 0.05 — — —
Micrasterias spp. 0.03 — — —
Netrium sp. 0.03 — — —
Pleurotaenium spp. 0.11 0.08 — —
Staurastrum spp. 0.71 0.53 0.75 0.42
Xanthophyceae
Tribonema sp. 0.03 0.03
Bascillariophyceae (Diatoms)
Cocconeis sp. 0.11 0.05 — —
Cymbella spp. 0.34 0.05 0.33 —
FAinotia sp. 0.13 0.03 0.17 0.08
Fragillaria spp. 0.21 0.16 — 0.08
Stauroneis sp. 0.26 0.08 0.33
Gomphonema spp. 0.13 0.05
—
—
Gyrosig>na sp. — 0.03 — —
Melosira sp. 0.03 0.03 — —
Navicula spp. 0.89 0.39 0.92 0.17
Pinnularia spp. 0.47 0.08 0.58 0.08
¦SvmW/w spp. 0.47 0.24 0.25 —
Surirella sp. 0.16 0.03 0.08 —
TabeUaria sp. 0.05 0.03 0.08
Protozoa
Mastigophora
Dinoflagellida
Peridinium sp. 0.55 0.13 0.75 —
Unidentified — — 0.08 —
Chrysomonadida
Dinobryon sp. 0.08 — 0.08 —
Volvocida
Chlamydomonas sp. 0.45 0.13 0.33 0.08
(Ionium sp. 0.05 — —
Haematococcus sp. — — 0.08
Pandorina sp. 0.24 0.03 0.25
—
Pleodorina sp. 0.03 — 0.08 —
Euglenida
Euglena spp. 0.61 0.29 0.58 0.25
Peranema sp. 0. 11 0.11 — - —
Pfcacus spp. 0.24 0.05 0.25 —
Trachelomonas spp. 0.42 0.18 0.42 0.33
Sarcodina
Amoebida
Amoeba sp. 0.08 0.03 0.08 0.08
Testacida
Difflugiaspp. 0.29 0.05 0.17 —
Euglypha sp. — 0.03 — —
Sarcodina
Proteomyjdda
Nuclearia sp. 0.05 0.05 0.08 0.17
Ciliophora
Holotrichia
Amphileptus sp. 0.03 — — —
IChilodonella sp. 0.03 0.03 0.08 0.08Dileptis sp. 0.05 — — —Lilonotussp. 0.29 0.18 0.25 0.17
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Spirotrichia
Bursaridium sp. 0.03 — —
—
Euplotes sp. 0.03 — —
—
Stentorsp. 0.08 0.05 — —
Stylonychia sp. 0.08
—
— —
Unidentified 0.53 0.45 0.58 0.50
Suctoria
Achineta sp. 0.03 0.08 — 0.17
Metacineta sp. 0.11 0.18 0.17 0.17
Paracineta sp. — — 0.08 —
Podophrya sp. 0.11 0.42 — 0.42
Solenophrya sp. 0.11 — — 0.08
Tokophrya sp. 0.26 0.47 0.17 0.17
Unidentified 0.66 0.87 0.67 0.83
Peritrichia
Epistylis sp. 0.76 1.00 0.92 1.00
Opercularia sp. 0.05 0.29 0.08 0.08
Vorticella sp. 0.42 0.24 0.17 —
Platyhelminthes
Turbellaria
Stenostomum sp. 0.05 0.03 0.08 —
Gastrotricha
Chaetonotus sp. 0.03 0.03
Rotatoria
Bdelloidea
Philodinidae 0.61 0.61 0.75 0.67
Flosculariacea
Floscularidae
Floscularia sp. 0.03 — —
—
Ploima
Notommatidae
Scaridium sp. 0.03
—
— —
Unidentified — 0.03 — —
Synchaetidae
Polyarthra sp. 0.03 — — —
Brachionidae
Keratellasp. 0.13 — 0.25 —
Lepadellasp. — 0.03 — —
Notholca sp. 0.03 — — —
Unidentified — 0.03 — —
Nematoda 0.63 0.53 0.58 0.25
Annelida
Oligochaeta
Aeolosoma sp. 0.03 0.03 — —
Crustacea
Cladocera
Bosminidae
Bosminasp. 0.03 0.03 — —
Daphnidae
Daphnia sp. 0.03 —
—
—
Copepoda (nauplius) 0.05 0.03 — —
Ostracoda 0.18 0.03
—
—
Insecta
Diptera
Chironomidae 0.03 — —
—
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Table 2. Mean number of photosynthetic (autotrophic)
and heterotrophic organisms on the carapace and plas-
tron of 38 cooters (Pseudemys concinna), based on condi-
tion of the shell.
Shell Mean # of taxa Mean # of taxa
Description on carapace on plastron
Photosynthetic Mossy (n=5) 12.4 4.0
Muddy (n=16) 13.6 6.1
Clean (n=l7) 8.7 4.3
Heterotrophic Mossy (n=5) 7.8 7.4
Muddy (n=16) 8.8 6.0
Clean (n=17) 4.7 5.8
Significant variation also was detected based on the
condition of the carapace (P<0.0014 for photosynthetic
taxa and P<0.0062 forheterotrophs). Tukey's tests indicat-
ed that a clean carapace has significantly fewer taxa
(P<0.05) of photosynthetic and heterotrophic organisms
than do muddy shells. Comparisons of muddy versus
mossy and mossy versus clean carapaces did not differ in
diversity oforganisms.
Only two specimens of cooters were examined during
March, but the number of taxa increased from December
values (x=22.5 on carapace, x=13 on plastron). It appears
that lengthened photoperiod and increased turtle activity
resulted in increased colonization of the shell. A muddy
carapace usually produced the greatest diversity of
microorganisms. As turtles move among pools, ponds,
lakes, and streams, they aid dispersal and colonization of
their associated microcommunity. The diversity or organ-
isms on turtles appears to be much greater than present
literature indicates.
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IIntroduction
The Ross Foundation, which manages timber
resources on certain lands in southwestern Arkansas,
recently acquired approximately 27,000 acres of land in
the Jack Mountain area of Hot Spring and Garland coun-
ties. The elevated terrain is drained to the north, south,
and east by several isolated creeks. Little was known of
the fishes that inhabit these streams, and the nature of
forest management willdetermine the fish species that
continue to exist in them. Much of the area has been
gated to limit access, and the primary effect on ichthy-
ofaunal diversity willbe restricted to forest development
and harvest.
Loss of canopy and substrate alterations have been
associated with declines in fish populations (Ebert and
Filipek, 1988; Sewell, 1981). Ouachita Mountains region
streams are dominated by fish habitat provided by sub-
strate (Keith, 1987), and many fish species are intolerant
of changes in water quality or habitat (Jester et al., 1992).
Therefore, a detailed survey of fishes and habitats occur-
ing in the various drainages of the Jack Mountain area
was undertaken to provide baseline data on the species
composition and relative abundance of fishes. These
data, compared with future evaluations of the sites, can
be used in planning forest resource management and uti-
lization strategies.
The drainages surveyed provide water to two rivers
(Ouachita and Caddo) and three lakes (DeGray,
Catherine, and Hamilton). Lands controlled by the Ross
Foundation typically contain only the upper reaches of
most of the drainage systems; therefore, lake effects
should have a minimal contribution to species composi-
tion.
Study Area
Foundation-owned sites were examined on several
drainages in the Jack Mountain area. Blakely Creek drains
southern slopes eastward and enters the Ouachita River
about 9.5 km south of Lake Catherine. Prairie Bayou
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drains southern slopes eastward and enters the Ouachita
River about 13 km south of Lake Catherine. This water-
shed includes Sanders Creek and Curl Creek and drains <
the largest portion of the central Jack Mountain area.
Mount Carmel Creek drains the northcentral slopes of
Foundation lands into Lake Hamilton on the Ouachita
River. Cooper Creek drains northeastern slopes into the
Ouachita River between Lakes Hamilton and Catherine.
Only the extreme northern headwaters ofDeRoche Creek •
were part of the study area, draining some southern
slopes on the western side of Jack Mountain southward
and eventually into the Ouachita River near Caddo Valley.
Part of the headwater reaches of Fourche a'Loupe Creek ?
occurs on Foundation lands in the western Jack Mountain
area. This creek drains water from northern slopes of the
area into Lake Hamilton.
Big HillCreek drains southern slopes in the western
parts of Jack Mountain southward into DeGray Lake(Caddo River). Valley Creek drains the southern slopes of
the far western reaches of Foundation lands southward
into DeGray Lake (Caddo River). Only the headwater
reaches of Valley Creek and one of its major tributaries
occur on Foundation lands.
Cooper Creek occurs in Garland County, all other
watersheds are located in Hot Spring County. Specific
sample locations are described below and illustrated in
Figure 1.
Cooper Creek: site Cl - tributary on access road near
jet. of Hwys. 290 and 171, NW1/4 S5 T4S R18W; site C2
-
along access road near jet. of Hwys. 290 and 171, board-
er between S5 and S6 T4S R18W; site C3 - at low water
bridge, SE1/4 S6 T4S R18W; site C4 - access road cross-
ing, SE1/4 S6 T4S R18W.
Mount Carmel Creek: Site MCI - along Hwy 128, T
NE1/4 SI7 T4S R19W; site MC2 - at Hwy 128 bridge and
<«along access road, SE1/4 SI7 T4S R19W.
Sanders Creek (trib. to Prairie Bayou): site SI - Hwy
128 bridge, NE1/4 S33 T4S R19W; site S2 - on Files J
Ranch Road 1.6 Km W of Hwy 128, central S20 T4S
*¦R19W.
Prairie Bayou: site PB1 - tributary on Files Ranch
Road, 3.2 Km W of Hwy 128, SE1/4 S19 T4S R19W; site T
<i
««
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PB2 - tributary about 4.8 Km W of Hwy 128 off Files
Ranch Road, Tisdale Gorge, SE1/4 S24 T4S R20W; site
PB.3 - tributary 4.8 Km W of Hwy 128 on Files Ranch
Road and 1.6 Km S on access road; central S25 T4S
R20W; site PB4 - tributary 5.2 Km W of Hwy 128 on
Land Camp Road and 0.8 KmN on access road, south-
central S25 T4S R20W; site PBS - at Lamp Camp Road
3.6 Km W of Hwy 128, central S31 T4S R19W (sampled
also offsouthbound access road in S32).
Curl Creek (trib. to Prairie Bayou): site CRl - intersec-
tion of Dishroom Drive and Turkey Trail Road, eastcen-
tral S27 T4S R20W; site CR2 - 6.4 Km W of Hwy 128 on
Land Camp Road, northcentral S25 T4S R20W; site CR3 -
about 5.2 Km W of Hwy 128 on Land Camp Road,
NE1/4 S36 T4S R20W (sampled 3 locations - 1 just off
access road S of Land Camp Road and 2 where Curl
Creek crosses Land Camp Road).
Fourche a'Loupe Creek: site Fl - across Baker Hollow
Road, northcentral S19 T4S R20W; site F2 - tributary
across Needles Eye Road, central between S19 and S20
T4S R20W; site F3 - along Hwy 7, NW1/4 S21 T4S
R20W.
Valley Creek: site VI - tributary SW1/4 S25 T4S
R21W; site V2 - tributary NE1/4 S26 T4S R21W; site V3 -
tributary NE1/4 S35 T4S R21W; site V4 - tributary at
bridge crossing on N-S facing road, SW1/4 S35 T4S
R21W; site V5 - tributary at bridge crossing near Old
Needles Eye Road, SW1/4 S27 T4S R21W; site V6 - upper
reaches of Valley Creek, SE1/4 S28 T4S R21W.
Blakely Creek: site Bl - tributary 0.8 Km S of O'Neal
Trail, west central SI7 T4S R18W; site B2 - tributary 0.8
Km S and 0.8 Km E of O'Neal Trail along access road,
central SI7 T4S R18W; site B3 - tributary SW1/4 S15 T4S
R18W; site B4 - tributary, south central S15 T4S R18W.
DeRoche Creek: site DR1 - headwaters along Land
Camp Road, NW1/4 S34 T4S R20W; site DR2 - headwa-
ters along Land Camp Road, central S33 T4S R20W.
BigHillCreek: site BH1 - Tower Road, eastcentral SSO
T4S R20W; site BH2 - tributary off Section 25 Tram,
SE1/4 SSO T4S R20W; site BH3 - offHwy 7 near Section
25 Tram, SE1/4 S30 T4S R20W.
Materials and Methods
Sites were sampled in an heirarchical manner during
July through September 1995. First, fish species and
abundances were evaluated by observation. This allowed
an accounting for the visible presence and abundance of
certain species that may be less susceptible to seining
techniques. Drag seining, in which the seine was pulled
through the stream (most often in pools) to isolate fish
and force them to rush into the net, was performed next.
Subsequently, we kick-seined by placing the seine down-
stream of the area to be sampled, set the lead line, then
stirred up stones and debris under which fishes might
seek refuge. This technique is most effective in riffle
areas and against the bank when roots or vegetation may
serve as escape cover. Finally, larger stones were turned
by hand in search of species not already sampled by other
techniques. Allavailable habitats at each site were sam-
pled intensively. At each site where feasible, the stream
was evaluated over a stretch ofabout 50 meters upstream
and downstream of the road intersection.
Relative abundance was estimated based on some-
what subjective criteria applied consistently across the
study area. In general, the Cyprinidae, Catostomidae,
Fundulidae, and Atherinidae were considered uncommon
if<5 individuals were found, common if5-15 were found,
and abundant if>15 were found at a site. Criteria for
stonerollers (Campos toma anomalum) and brook silversides
(Labidesthes sicculus) were higher due to their schooling
behavior. Criteria for the Esocidae, Ictaluridae,
R19W ' R18W
Fig. 1. Sampling sites in the western (upper) and eastern
(lower) part of Ross Foundation lands in the Jack
Mountain area. Legal descriptions of sites provided in
text.
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Aphredoderidae, Centrachidae, and Percidae were lower:
uncommon if<3 individuals were found, common if3-6
were found, and abundant if>6 were found. Criteria for
longear sunfish {Lepomis megalotis) and orangebelly
darters {Etheostoma radiosum) were higher due to their
being common in the region.
Results and Discussion
Headwater areas supported predictably few species of
fishes. Ifonly one species was found in these reaches, it
invariably was the creek chub (Semotilus atromaculatus),
which typically is abundant at such sites. Larger individu-
als often attained a length of 20-25 cm in areas where
only small pools existed. Slightly farther downstream
where other species occurred with the creek chub, the
most common species was the orangebelly darter
(Etheostoma radiosum), then the stoneroller (Campostoma
anomalum). These latter two species also were common to
abundant inallother stretches of surveyed sites, although
the creek chub declined in abundance farther down-
stream.
Species diversity increased with an increase in habitat
complexity, stream size and flow rate, and the distance
downstream and number of feeder creeks. The greatest
diversity in each drainage was found at sampling stations
located farther downstream. The greatest number of
species encountered was on the largest stream (Prairie
Bayou at site PB5) with a total of 17 species (20, ifspecies
collected at other times and represented in the HSU
Collection of Fishes are included). Most of the other
drainages produced about 14 species at their most diverse
sites. Those sites had similar characteristics of stream wit-
dth and depth, flow,and diversity of substrate. However,
the particular species found varied among the creeks.
Twenty-four species were found during the study, but
some species were found in only one or two drainages.
For example, the brook silverside (Labidesthes sicculus) was
found only in Prairie Bayou, the pirate perch
(Aphredoderus sayanus) was found only in Curl Creek
(although an historic record placed it in Prairie Bayou,
into which Curl Creek drains), and the Ouachita madtom
(Noturus lachneri) was found abundantly but exclusively in
Cooper Creek. For convenience of comparison, data for
each site are presented in Table 1.
Seasonal variations in numbers of taxa present are
effected by reproduction, flow based on amount of rain-
fall,and from human uses of the drainage basin. Higher
abundances, likely due to reproduction, were noted at sev-
eral sites in which numerous juveniles were found. Other
species such as redhorse suckers (Moxostoma sp.) may
occur in larger streams on a seasonal basis due to spawn-
ing runs, and lampreys may not be caught except inearly
\
spring when the ammocoetes mature and mating occurs
nearer the substrate surface ofgravel-bottomed streams.
The most unique stream habitat encountered was
Cooper Creek. The basin consisted primarily of hard-
wood forest, and the stream was well shaded. The sub- «
strate of cobble and gravel was particularly open (low
embeddedness) which allowed smaller organisms to move
more freely through a protected microhabitat not avail-
able at most other stream sites. Field observations sug-
gested that aquatic insects were decidedly more numer-
ous in Cooper Creek than in other streams surveyed (a
subjective assessment as no samples were taken for com-
parison), and the Ouachita madtom (Noturus lachneri) was
common to abundant at all sampled sites in the creek.
This madtom feeds primarily on zooplankton, dipterans,
ephemeropterans, plecopterans, and other invertebrates
(Patton and Zornes, 1991). It is likely that basin activities
which cause runoff of fine particulate matter that embeds
the substrate would negatively impact this species endem-
ic to Arkansas.
Cooper Creek was examined on several occassions
during the survey because little is known about the
Ouachita Madtom. It typically occupies quiet backwater
areas of clear, high-gradient streams of the Saline River
system (Robison and Harp, 1985; Robison and Allen,
1995). Its presence in Cooper Creek is unique because it
is the only known location of the Ouachita madtom in i
the Ouachita River system.
Adult Ouachita madtoms were found by lifting cob-
ble. Searches for 30 minutes at site C3 produced 20-30
adults (up to 55 mm SL) on 29 July. Most were found by
lifting cobble of 15-45 cm diameter in slow to moderate
current at depths between 10-25 cm. Often, two adults
«
could be located under the same stone.
Robison and Buchanan (1988) noted that no data
were available on reproductive biology, but that young-of-
the-year specimens (16-25 mm SL) were taken on 1
August from a small stream (0.6-1.2 m wide). They hypos-
thesized that the species might seek smaller tributaries
for spawning. Juveniles (approximately 20 mm SL) were
first encountered on 15 July at site C2. This site had little
shading and specimens were discovered where the stream
was 3-4 m wide, in unembedded gravel near the bank.
Farther upstream at sites C3 and C4, juveniles were
more commonly found on 29 July. Searches for 30 min-
utes produced 30-40 juveniles (approximately 15 mm SL).
These specimens were found in the same area as adults
but with microhabitat differences. Juveniles were located
in smaller gravel (<70 mm diameter) and in more shallow
water (25-75 mm depth). Typically, they were encoun-
tered where shallow water flowed slowly among the
numerous stones that protruded from the substrate and
above the water surface.
Foraging reportedly begins between 20-90 minutes
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Table 1. Abundance offish species at each sampling site on Ross Foundation lands in the Jack Mountain area. U=uncom-
mon, C = common, A = abundant. * indicates historic records for species not collected during the present study (present
in HSU fish collections).
==^^========^===== ==
===========^^===:^^=
Fish Species Sampling Location
Mt. Carmel Cheek Prairie BayouCooper Creek Sanders Creek
C_l Cg C3 C4 MCI MC2 S_ S2 PHI PB2 PB3 PB4 PB5
Esocidae
Esox americanus U -- U
-
-A--*
Cyprinidae
Campostoma anomalum A A C A A A A C C U A
Notropis boops CC-- -- U- C
Luxilus chrysocephalus C C A A C C C - C C C
Lythrurus umbratilis CCU- A A A- - --A
Pimephales notatus UU-- C- C
Semotilus atromaculatus C C A C-A U C-A U A A C A A U
Catostomidae
Erimyzon oblongus CC-- - C- - U - - -
Hypenlelium nigricans
____ UU U- ----U
Aphredoderidae
Aphredoderus sayanus
____
__ __
____*
Ictaluridae
Ameiurus natalis --C- CU - -
- - -
C
Noturus lachneri C C A A -- -- _____
Noturus nocturnus ____ __ __ ____*
Fundulidae ;:
Fundulus catenatus C C U-C C C C-A C U
Fundulus olivaceus C C C C C A - - - - C
Atherinidae
Labidesthes sicculus ____ __ __ ____c
Centrarchidae
Lepomis megalotis C C C C C C - C C - C
Lepomis cyanellus CCU- U U C - U - U U
Micropterus dolomieui _____ __ __ ____y
M.punctulatus/salmoides ____ y_ __ ____y
Percidae
Etheostoma radiosum C C A A C C-A C C C C
Etheostoma blennioides ____ UC -- ----U
Percina caprodes __*_ C C, -- _____
Valley Creek
Fish Species Sampling Location
Fourche a'Loupe CreekCurl Crock
CR1 CR_ CR3 F1F2F3 V1Y2V3V4V5V6
Esocidae
Esox amencanus
___
_..
_ __
Cyprinidae
Campostoma anomalum A A U - A C C A C A
Notropis boops - - C
Luxiluschrysocephalus - C C C - C - C C C TJ A
Lythrurus umbratilis
- -
A - - A
______
Pimephales notatus --U ~-U
______
Semotilus atromaculatus A U C U A U A A C-A C A A
Catostomidae
Erimyton oblongus _ _ _ ___ ______
Hypentelium nigricans - - C ~-C ______
Aphredoderidae
Apkredoderus sayanus - ~ C ___ ______
Ictaluridae
Ameiurus natalis U U U *
Noturus lachneri ___ ___
______
Notions nocturnus C
Fundulidae
Fundulus catenatus -UU --C ___U__
Fundulus olivaceus - - C ---A C -
Atherinidae
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Labidesthes sicculus _ _ _ ___ ______
Centrarchidae
Lepomis megalotis -AC C C-A U C A
Lepomis cyanellus - - -¦ - - - -- -- -- -- -- *
Micropterus dolomieui --U ___ ______
,\/. punctulatus/salmoides ___ __C ______
Percidae
Etheostoma radiosum C C C U C-A C C A A A A
Etheostoma blennioides --U --U ______
Percina caprodes - - - - - - - -- U
Fish Species Sampling Location
Blakely Creek DeRoche Creek BigHill deck
B_l i__ ii_ B4 DRl DR2 BH1 BH2 BH3
Esocidae
Esox americanus C C
- -
-- ___
Cyprinidae
Campostoma anomalum - A A A - U A U A
Notropis hoops C A - -
Luxilus chrysocephalus C A AC] - A - C
Lythrurus umbratilis UAAC -- ___
Pimephales notatus - LJ -- A
Semotilus atromaculatus C U U U A A C A C
Catostomidae
Erimyzon oblongus U U - U - U - -
Hypentelium nigricans
-
C U C -- ___
Aphredoderidae
Aphredoderus sayanus ____ __ ___
Ictaluridae
Ameiurus natalis -AC- - C
Noturus lachneri ____ __ ___
Noturus nocturnus
____ __ ___
Fundulidae
Fundulus catenatus --U-
__ U-C
Funditlus olivaceus -C; C --
-
Atherinidae
Labidesthes sicculus ____ __ ___
Centrarchidae
Lepomis megalotis C A A - - A A
Lepomis cyanellus U
- - -
-- C
-
C
Micropterus dolomieui ____ __ ___
,\/. punctulatus/salmoides - - - A -- --A
Percidae
Etheostoma radiosum A A U C-A C C C
Etheostoma blennioides
- - -
U
-
- ___
Percina caprodes ____ __ ___
after sunset (Robison and Buchanan, 1988), but foraging
was observed during morning and afternoon. Although
individuals which encountered direct sunlight would
actively seek shelter, those in quiet and well-shaded waters
would move about the stones and detritus in search of
food. Feeding behavior was noted repeatedly. Madtoms
observed cruising against the substrate would suddenly
become almost perpendicular while rapid muscle contrac-
tions of the tail pushed the head between stones or
through detritus. Our first observation of these madtoms
was while relaxing after seining (which had produced no
madtom specimens). Madtoms were observed to emerge
from cobble in an unsampled pool area, and they foraged
untildisturbed by our renewed activity. Daytime foraging
was observed only in heavily shaded sections of streams.
With the exception of the Ouachita madtom, the
species found during this survey are common in the
Ouachita Mountains physiographic region of Arkansas
and reflect a rather typical species assemblage for the
streams of the area.
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The PROCEEDINGS OF THE ARKANSAS ACADEMY OF
SCIENCE appears annually. It is the policy of the Arkansas
Academy of Science that 1 ) at least one of the authors of a paper
submitted for publication in the PROCEEDINGS must be a member
of the Arkansas Academy of Science, 2) that only papers presented
at the annual meeting are eligible for publication, and 3) that the
manuscript is due at the time of presentation. In accordance with
this policy, manuscripts submitted for publication should be given to
the section chairman at the time the paper is being presented.
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Trauth, Editor-PAAS, Dept. Biological Sciences, Arkansas State
University, State University, AR72467-0599.
Each submitted paper should contain results of original
research, embody sound principles of scientific investigation, and
present data in a concise yet clear manner. The COUNCIL OF
BIOLOGY EDITORS STYLE MANUAL,published by the American
Institute of Biological Sciences, is an example of a convenient and
widely consulted guide for scientific writers. Authors should strive for
directness and lucidity, achieved by use of the active voice. Special
attention should be given to consistency in tense, unambiguous ref-
erence of pronouns, and to logically placed modifiers. It is strongly
recommended that all authors 1) inspect the existing format for fea-
ture articles and general notes in the PROCEEDINGS OF THE
ARKANSAS ACADEMY OF SCIENCE and follow that format while
drafting their submission, and 2) submit their manuscript to another
qualified person for a friendly review to appraise it forclarity, brevity,
grammar, and typographical errors.
Preparation of Manuscript
The author should submit three copies of the manuscript,
tables, and figures. Manuscripts must be double spaced (preferably
typed with a carbon ribboned typewriter) on 81/2 x 11 inch bond
paper with at least one inch margins on all sides. Do not staple
pages together. Do not hyphenate words on the right-hand margin;
do not submit word processed copy printed with justified right-hand
margins. Do not submit copy in italics; underline words to be set in
italics. If co-authored, designate which author is to receive corre-
spondence and at what address.
An abstract summarizing in concrete terms the methods, find-
ings and implications discussed in the body of the paper must
accompany a feature article. The abstract should be completely self-
explanatory.
A feature article comprises approximately six or more type-
written pages. A PROCEEDINGS printed page is equal to approxi-
mately three and one-half typewritten pages and the author is
assessed a PAGE CHARGE (see Procedure section). A separate
title page, including authors names and addresses should be includ-
ed with the manuscript. Feature articles are often divided into the
following sections: abstract, introduction, materials and methods,
results, discussion, conclusions, acknowledgments, and literature
cited. These sections should be centered. Subheadings should
begin at the left -hand margin, but more than one subheading
should be avoided.
A general note is usually one to five typewritten pages and
rarely utilizes subheadings. A note should have the title at the top of
the first page with the body of the paper following. Abstracts are not
used for general notes.
Abbreviations: Use of abbreviations and symbols can be
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such as 13 animals). Abbreviations must be defined the first time
they are used. The metric system of measurements and weights
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Rowlands, ed.) Academic Press, London, xxi+ 559 pp.
If fewer than six references are cited in a general note, they
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cortex, Cambridge Univ. Press, p. 210, 1957); (Davis, J. Anim. Ecol.,
2:232-238, 1933).
Tables and Illustrations: Tables and figures (line drawings,
graphs, or black and white photographs) should not repeat data
contained in the text. The author must provide numbers and short
legends for illustrations and tables and place reference to each of
them in the text. Legends for figures should be typed on a separate
piece of paper at the end of the manuscript. Do not run tables in the
text. Illustrations must be of sufficient size and clarity to permit
reduction to standard page size (or 1/2 page); ordinarily they
should be no larger then twice the size of intended reduction and
whenever possible no larger than a manuscript page for ease of
handling. Photographs must be printed on glossy paper. Sharp
focus and high contrast are essential for good reproduction. Figures
and labeling must be of professional quality. Notations identifying
author, figure number, and top of print must be made on the back of
each illustration. All illustrations must be submitted in duplicate.
Tables must be of professional quality when submitted. Note pre-
ferred placement of figures and tables in the margins of the manu-
script.
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together with the original to the Editor. Usually a time limit for this
revision willbe requested. If the time limit is not met, the paper may
be considered to be withdrawn by the author and rejected for publi-
cation. All final decisions concerning the acceptance or rejection of a
manuscript are made by the Editor.
When a copy of the proof, original manuscript, and reprint
order blanks reach the author, they should be carefully read for
errors and omissions. The author should mark corrections on the
proof and return both the proof and manuscript to the Editor within
48 hours or the proof willbe judged correct. Printing charges accru-
ing from excessive additions to or changes in the proofs must be
assumed by the author. Reprint charges are placed with the printer,
not the Editor. Page changes are $40 printed page. These changes
and excessive printing charges willbe billed to the author by the
Academy of Science. A page charge will be billed to the author of
errata.
ABSTRACT COVERAGE
Each issue of the PROCEEDINGS is sent to several abstract-
ing and review services. The following is a partial list of this cover-
age.
Abstracts in Anthropology
Abstracts of North America Geology
Biological Abstracts
Chemical Abstracts
Mathematical Reviews
Recent Literature ofthe Journal of Mammalogy
Science Citation Index
Sport Fishery Abstracts
Wildlife Review
Zoological Record
Review Journal of the Commonwealth Agricultural Bureau
BUSINESS AND SUBSCRIPTION INFORMATION
Remittances and orders for subscriptions and for single copies
and changes of address should be sent to Dr. John Rickett,
Secretary, Arkansas Academy of Science, Dept. of Biology,
University of Arkansas, Little Rock, Little Rock, AR 72204.
Members receive one copy with their undergraduate member-
ship of $15.00, regular membership of $30.00, sustaining member-
ship of $35.00, sponsoring membership of $45.00 or life member-
ship of $200.00. Institutional members and industrial members
receive two copies with their membership of $100.00. Library sub-
scription rates for 1989 are $25.00. Copies of most back issues are
available. The Secretary should be contacted for prices.
TABLE OF CONTENTS
Secretary's Report and Financial Statement 2
Program 11
FEATURE ARTICLES
JENNIFER A. AKINand RICHARD L. MEYER: Examination of the Cell Wall of Micrasterias Radiosa var Radiosa (Conjugatophyceae) by Tramsmission and
Scanning Electron Microscopy 17
EDWIN S. BRAITHWAITE and WILFRED J. BRAITHWAITE: Curing a Summing Error That Occurs Automatically When Fitting a Function to Binomial or
Poisson Distributed Data 22
THOMAS M.BUCHANAN, CHAD HARGRAVE, DREW WILSON, L.G. CLAYBROOK and PHILLIP W. PENNY, JR.: First Arkansas Records for Bigscale
Logperch, Percina macrolepida Stevenson (Pisces: Percidae), with Comments on Habitat Preference and Distinctive Characters 28
CHRISTINE A. BYRD and W.J. BRAITHWAITE: Measuring Strangness Production from Relativistic Collisions Between Pairs of Nuclei Using a
Vertex Time Projection Chamber 36
STEVE W. CHORDAS III,GEORGE L. HARP and G.W. WOLFE: The Aquatic Macroinvertebrates of the White River National Wildlife Refuge, Arkansas 42
DOUGLAS A. ELROD, MARK R. INGRAHAM, EARL G. ZIMMERMANand GARY A.HEIDT: Distribution of Baird's Pocket Gopher (Geomys breviceps)
InArkansas; with Additional County Records 52
KENDA S. GLORES: Techniques for Radiotracking and Biotelementry of Coolwater Sport Fish in Norfork Reservoir, Arkansas 55
GARY A. HEIDT, DOUGLAS A.ELROD and V.R. McDANIEL: Biogeography of Arkansas Mammals with Notes on Species of Questionable Status 60
MOSTAFA HEMMATIand STEVEN YOUNG: Wave Profile for Proforce Current Bearing Waves 66
MARTIN J. HUSS: Application of a Modified Ziehl-Neelsen's Carbol-Fuchsin Stain for Observing Nuclei in Vegetative Hyphae of the Puffball Species
Lycoperdon pyriforme 70
DAVIDH. JAMIESON and STANLEY E. TRAUTH: Dietary Diversity and Overlap Between two Subspecies of Spadefoot Toads (Scaphiopus holbrookii
holbrookii and S. h. hurterii) in Arkansas 75
BRADON KEMP, DR. ROBERT ENGELKEN, ARIF RAZA, WASIM ALEEM, IMRANKHAN and CHRIS BARBER: Improved Methods for Electroplating
Cadmium Sulfide Thin Films 79
MATTHEW T. MOORE, CD. MILAMand J.L. FARRIS: Reference Sediment Selection in the Lower Mississippi Delta 84
JOSEPH R. PENOR, ALVANA.KARLANand GARY A. HEIDT: Biodiversity of Camp Joseph T. Robinson Military Installation North Little Rock,
Arkansas 1994-1995 91
WILLIAMR. POSEY, II,JOHN L. HARRIS and GEORGE L. HARP: New Distributional Records for Freshwater Mussels in the Ouachita River, Arkansas 96
ARIF RAZA, DR. ROBERT ENGELKEN, BRANDON KEMP, IMRANKHAN,WASIM ALEEM and CHRIS BARBER: Electrodeposition of Copper Indium
Sulfide Films from Organic Solutions 99
HENRY W. ROBISON and GENE LEEDS: Distribution and Natural History Aspects of the Arkansas Endemic Crayfish, Cambarus causeyi Reimer 105
GENERAL NOTES
JENNIFER A. AKINand RICHARD L. MEYER: The Desmids (Conjugatophyceae) from Arkansas 110
JEFFERY E. CLAYTON, SUE ELLEN McCLOSKEY and W.J. BRAITHWAITE: Estimating Milky-Way Dark Matter: Its Amount and Distribution 115
VINCENT A. COBB and JEFF A. SUMMERHILL: A One-Year Study of the Species Diversity and Relative Abundance of Snakes and Lizards in the
Jack Mountain Region of Hot Springs County, Arkansas 120
TOMMIEJ. MAJORS, DAPHNE C. BROCK and GARY A. HEIDT: A Mail Survey to Determine the Status of the Black-Tailed Jackrabbit, Ringtail Cat,
Long-Tailed Weasel, Badger and Eastern Spotted Skunk in Arkansas 127
DANIELL. MARSH and TIMOTHYA. GOLDEN: Plantain Sunflower (Helianthus occidentalis subsp. plantagineus) in Arkansas 131
CHRIS T. MCALLISTERand STANLEY E. TRAUTH: Ultrastructure of Cepedietta virginiensis (Protista: Haptophrynidae), from the Gall Baldder of the
Pickerel Frog, Rana palustris, in Arkansas 133
SCOTT M.MINOR, RUSSELL O. NORDEEN and CHAD E. PASCHALL: Partial Characterization of Bacteriophages of Pseudomonas
syringae pv. Tomato : 137
JAMES C. PETERSON, FARON D. USREY, WILLIAME. KEITH and JAMES A. WISE: A Recent Record of the White Sucker, Catostomus commersoni,
in the White River System, Arkansas 141
AMYE. SCOTT and TODD WIEBERS: Observational Learning in Sable Ferrets (Mustela putorius furo) 143
STANLEY E. TRAUTH: Subspecific Recognition in Arkansas Ringsneck Snakes (Diadophis punctatus) 145
RENN TUMLISON and SHARON CLARK: Microorganisms Associated with the Carapace and Plastron of Aquatic Turtles (Pseudemys concinna and
Trachemys scripta) in Southwestern Arkansas 148
RENN TUMLISON and CREED TUMLISON: A Survey of the Fishes in Streams Draining the Jack Mountain Area, Hot Spring and Garland Counties,
Arkansas, with Notes on the Ouachita Madtom (Noturus lachneri) 153
main
Q
11
.A78
v. 50
1996
